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AROOSTOOK RIVER FLOOD CONTROL
FORT FAIRFIELD, MAINE

HYDROLOGIC ANALYSIS

1. PURPOSE

This report presents hydrologic information and analysis pertinent to
the planning and design of flood control improvements along the Aroostook
River within the town of Fort Fairfield, Maine. Included are sections on
watershed description, climatology, flood frequencies, analysis of floods,
and improvements for flood control.

2. WATERSHED DESCRIPTION

The Aroostook River is a tributary of the Saint John River in
northern Maine and western New Brunswick, Canada. Its watershed is
situated between those of the Penobscot and Allagash Rivers to the west}
the Fish River to the north; the Saint John to the east, and the
Meduxnekeag River to the south. The Arocostook River originates at the
junction of the Munsungan and Millinocket streams in the northwest corner
of Penobscot County, Maine and flows in a general northeasterly direction
for about 100 miles through Aroostook County before cr: :sing the inter-
national boundary below Fort Fairfield. After crossin: the international
boundary, the Aroostook River flows an additional five ‘iles in an
easterly direction through New Brunswick, Canada to it: zonfluence with
the Saint John River at Aroostook Junction, Canada. O. the total drainage
area of 2,418 square miles, approximately 2,300 square :iles lie upstream
of Fort Fairfield, which is essentially the entire por ..on of the basin
within Maine. A hydroelectric project, Tinker Dam, wi:h a drainage area
of 2,370 square miles and a head of 85 feet, is located 2 miles downstream
of the international boundary. The Aroostook is a flat, heavily for-
rested, hydrologically sluggish watershed having a total fall of about 450
feet in its 107 mile watercourse to the Saint John River, However, 85
feet or about 19 percent of the total fall is at Tinker Dam with the
remaining 365 feet occurring as a rather uniform slope over the 105 mile
river course above Tinker Dam. A map of the Aroostock River watershed is
shown on Plate 1.

3. CLIMATOLOGY

a. General. The climate of the Aroostook River basin is cold and
semi~humid with an average temperature of about 40° Fahrenheit and yearly
precipitation of approximately 37 inches. Due to its northerly location,
the area has escaped the brunt of coastal hurricanes with their accom-
panying intense rainfall. The area does experience periods of moderate
rain and/or snowfall as a result of low pressure systems moving up the
east coast and from frontal systems moving from west to east across the
country.



b. Temperature. Average monthly temperatures in the basin vary
considerably throughout the year. Summers are cool with temperatures
averaging 60 to 65° Fahrenheit with only occasional rises into the
nineties. Winters are long and cold with temperatures averaging 10 to 20°
Fahrenheit. The mean, maximum and minimum monthly temperatures at two
stations in the Aroostook River watershed, as published by the National
Oceanic and Atmospheric Administration (NOAA), are summarized in. Table 1.

TABLE 1

MONTHLY TEMPERATURE
(Degree Fahrenheit)

Caribou, Maine Presque Isle, Maine
46 Year Record 70 Year Record
Elevation 624 FEET/NGVD Elevation 599 FEET/NGVD
Month Mean Max Min - Mean Max Min
January 10.0 31 -32 11,5 54 =41
February 13.1 47 =41 13.4 51 -37
March 23.9 58 =20 -24.8 65 =30
April 36.9 80 2 38.0 85 -2
May 50.3 a1 19 51.2 94 i9
June 59.9 96 30 60,7 95 25
July 65.2 95 40 66.1 97 37
August 62.7 95 34 63.8 99 31
September 53.9 91 23 ‘ 55.1 90 21
October 43.2 79 14 44.4 84 8
November 31.0 68 -2 31.6 69 - -15
December 15.3 58 -24 16.7 58 -35
Annual 38.8 41.8 36.2 39.8 50.7 29.6

¢. Precipitation. The average annual precipitation over the
Aroostook River watershed is about 37 inches and is distributed rather
uniformly throughout the year with slightly greater amounts during the
summer months. Periods of moderate rainfall are usually not more than 1
to 2 days in duration and storm rainfall amounts generally do not exceed 1
to 2 inches. Monthly and annual precipitation for two locations within
the Aroostook River watershed are shown in Table 2.

d. Snowfall. Practically all winter precipitation occurs as snow
with the total fall averaging about 100 inches per year. Snow survey data
for the watershed is limited but based on information gathered in adjacent
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basing the snowpack generally reaches a maximum in April. Average water
equivalent of the spring snowpack is about 8 inches with maximums as high
as 15 inches. Table 3 lists the mean, monthly and annual snowfall for two
locations in the watershed.

TABLE 2
MONTHLY PRECIPITATION
(Inches)
Caribou, Maine Fort Fairfield, Maine
46 Year Record 48 Year Record

Elevation 624 FEET/NGVD Elevation 300 FEET/NGVD
Month Mean Max Min Mean Max Min
January 2.23 5.10 0.12 2.64 5.52 0.38
February 2.11 4.13 0.26 2.40 5.38 0.19
March 2.50 5.13 0.66 2,60 5.82 0.52
April 2.59 5.26 0.54 2,80 5,15 0.85
May 30.3 6.27 0.47 3.13 6,87 0.94
June 3.47 7.11 0.88 3.69 7.62 1.41
July 4,06 6.83 1.75 4,26 7.44 1.62
August 3.94 12.09 0.93 3.64 7.90 1.23
September 3.27 8.14 0.86 3.78 7.75 0.79
October 3.17 6.35 0.63 3.52 7.65 0.98
November 3.40 8.15 0.45 3.47 7.36 0.39
December 3.00 7.97 0.74 3.25 7.40 0.82
Annual 36.77 51.10 27.92 39.18 55.27 27.95



TABLE 3

MONTHLY SNOWFALL

{Inches)
Caribou, Maine Fort Fairfield, Maine
39 Year Record 19 Year Record

Elevation 624 FEET/NGVD Elevation 300 FEET/NGVD
Month Mean Max Min Mean Max Min
January 23.3 41.4 2.2 22.8 40.1 3.6
February 22,2 41.0 4.4 17.4 37.5 4,0
March 19,7 47.1 6.1 19.7 45.5 4.0
April 8.3 24,4 T 5.9 17.0 1.0
May 0.8 10.9 0 0.3 4.0 0
June 4] T 0 0 T 0
July 0 0 0 0 0 0
August 0 0 0 0 0 0
September 0 _ T 0 0 Q 0
October 2.1 12.1 0 1.4 10.0 1]
November 12.1 34.9 1.5 1.5 24,0 1.0
December 23.8 59.9 6.5 25.1 41.0 3.6
58.9

Annual 112.3 181.1 59.6 94.9 141.6

4., STREAMFLOW

a. General. Average streamflow in the Arocostook basin is about 1.6
cfs per square mile of drainage area, which is equivalent to about 22
inches of runoff per year or about 60 percent of average annual precipi-
tation. Streamflow, however, is quite variable seasonally. Much of the
winter precipitation occurs as snow, which does not run off but
accumulates as deep snowpack. As a result, over 50 percent of the annual
runoff occurs during the April-May spring snowmelt period. Maximum
streamflow rates on the Aroostook River have been as high as 26 cfs per
square mile of drainage area and lows frequently approach 0.1 cfs per
square mile, generally occurring in late summer or the dead of winter,

b. Streamflow Records. There are no long term streamflow records
for the Aroostook River in Fort Fairfield, Maine. There is, however, a
long term USGS gaging station on the main stem Aroostook River located
upstream of Fort Fairfield in the town of Washburn, Maine. This gage,
with a drainage area of 1,654 square miles or 68 percent of the total
Aroostook River watershed, has continuously recorded discharges since
1931. The discharge record at this station was used extensively in
analyzing the hydrologic characteristics of the Aroostook River in Fort




Fairfield. Table 4 lists average monthly runoff as recorded at the
Washburn gage. Average monthly runoff varies from about 6 inches in May
to 0.6 inch in August and February. Extremes in monthly runoff have
ranged from a high of over 14 inches in May to a low of 0.06 inch in
February. In addition, annual peak flows at the gage are listed in Table

5 -
TABLE 4
MONTHLY RUNOQFF
AROOSTOOK RIVER AT WASHBURN, MAINE
D.A = 1,654 SQUARE MILES
(Continuous Recording Period 1931-1983)

Month Mean ' Maximum Minimum

cfs Inches cfs Inches cfs Inches
January 1010 0.70 2595 1,81 167 0.12
February 1000 0.63 3684 2.32 101 0.06
March 1432 1.00 10440 7.28 324 0.23
April 7693 5.19 16990 11.46 1468 0.99
May 8518 5.94 20350 14.18 3229 2.25
June 2556 1.72 5931 4,00 658 0.44
July 1402 0.98 5882 4,10 261 0.18
August 1042 0.73 5728 3.99 152 0.11
September 1169 0.79 5235 3.53 144 0.10
QOctober 1752 1.22 8098 5.64 265 0.18
November 2501 1.69 9767 6.59 218 0.15
December 1848 1,29 7975 5.56 175 0.12
Annual 2666 21.88 4145 34,02 1409 11.56

5. FLOOD HISTORY

a. General. Floods along the Arcostook River have occurred to
varying degrees over the years resulting from intense rainfall, snowmelt
or ice jams, or from combinations of the three., The main flood season on
the Aroostook River occurs in the spring when the chance of significant
rainfall, and/or high temperatures, during the spring snowmelt period,
pose an annual flood threat, As indicated by the listing of annual peak
fiows in Table 5, about 90 percent of the annual high flows occur during
the spring months of March through May. In addition, ice jams are a major
flood hazard every spring as well as being a major threat to bridge
crossings and other structures,

The largest recorded discharge at Washburn was 43,400 cfs and
occurred in April 1983. This flow was slightly greater in magnitude than
the previous discharge of record of 43,100 cfs that occurred in April
1973, Available records indicated significant ice jam flood events
occurred in the Fort Fairfield area in April 1976, March 1936, April 1940,



TABLE 5

ANNUAT, PEAK DISCHARGES
AROCSTOCOK RIVER AT WASHBUEN, MAINE
(Drainage Area =_1,654 Square Miles)

Date Discharge Date Discharge
{cfs) (cfs)

13 Apr 1931 13,500 16 May 1960 25,000
13 Apr 1932 20,900 16 May 1961 37,000
4 May 1933 24,000 17 Jul 1962 19,200
21 Bpr 1934 36,200 3 May 1963 23,000
10 Nov 1963 29,200

1 May 1835 23,300
22 Mar 1936 37,800 2 May 1965 7,670
30 Apr 1937 15,500 26 Apr 1966 14,500
22 Apr 1938 17,500 5 May 1967 18,400
il May 1939 30,100 16 Apr 1968 17,800
11 May 1969 27,600

14 Apr 1940 30,900 o

22 Apr 1941 27,100 26 Apr 1970 25,600
28 Apr 1942 26,000 5 May 1971 28,000
13 May 1943 24,400 17 May 1972 24,200
il Nov 1943 16,300 30 Apr 1973 43,100
1 May 1974 42,800

3 Apr 1945 21,000
28 Apr 1946 22,900 8 May 1975 20,200
8 May 1947 31,800 4 RApr 1976 32,200
20 May 1948 14,200 25 Apr 1977 27,200
18 Apr 1949 14,000 30 Apr 1978 19,200
30 Apr 1979 37,700

23 Apr 1950 22,100
30 Nov 1950 23,000 16 Apr 1980 13,400
30 Apr 1952 18,700 18 Aug 1981 17,200
3 Apr 1953 . 32,600 28 Apr 1982 31,500
29 Jun 1954 32,400 19 Apr 1983 43,400
2 Jun 1984 25,500

6 May 1955 20,200

16 May 1956 12,500

24 Apr 1957 13,500

25 Apr 1958 35,400

27 Apr 1959 13,600



and December 1973. Following are discussions of five of the more notable
floods that have occurred within Fort Fairfield over the past 20 years.
Flows at Fort Fairfield are generally proportioned to those at Washburn by
a ratio of drainage area.

b. April 1973. Between 22 and 30 April 1973, 3.06 inches of
precipitation combined with daytime temperatures in the sixties produced
high discharges on the Aroostook River. The peak discharge recorded on
the 30th at the USGS gage in Washburn was 43,100 cfs, the second largest
flow in the 53 year period of record, and the Maine Public Service Company
reported a flow of 60,800 cfs at Tinker Dam. Ice flows on the river
during this flood contributed to flood damages but peak flood levels were
due to the abnormally high river flows unaffected by any jams. The
estimated peak flow at Fort Fairfield was 58,100 cfs.

c. December 1973, On Thursday, 20 December, over 3 inches of snow
and about 0.3 inches of rain fell with temperatures below freezing. On
Friday, temperatures warmed to near 50° Fahrenheit and an additional 0.85
inches of rain fell resulting in a one-half mile long ice jam in the Fort
Fairfield area with flooding to about 7 feet above normal river levels.
This flood was principally.an ice jam event with a maximum discharge, at
the Washburn gage, of only about 14,000 cfs.

d. May 1974. During the period 28 April to 1 May, 1.35 inches of
rain fell in the Aroostook basin and with daytime temperatures in the
sixties, the third highest flow of record (42,800 cfs on 1 May) was
experienced on the Aroostook River at Washburn, occurring only one year
following the flood of April 1973. Though ice flows occurred during this
event, the resulting flood was due mostly to the abnormally high river
flows. The estimated peak flow at Fort Fairfield was 57,700 cfs.

e, April 1976. Probably the most devastating flood on the Arocostook
River in the Fort Fairfield area occurred during the period 3-6 April 1976
and was the regsult of high flows with extensive ice jams comprised of ice
chunks up to 43 inches in thickness. The peal discharge at the Washburn
gage was 32,200 cfs with the stage surcharged about 3.7 feet by ice
jams. At Fort Fairfield, the peak discharge was estimated to be 43,400
cfs with stage surcharged about 5 feet by a massive ice jam resulting in
the record flood stage at Fort Fairfield of 365.6 feet NGVD. The April
1976 event was the result of about 1.6 inches of rainfall on 2 through 4
- -April in .combination with daytime-temperatures in the forties.

f. April 1983.  The April 1983 flood was the result of about 1.6
inches of rainfall occurring between the 16th and 19th of April, preceded
by a period of above normal temperatures plus snowmelt, thereby providing
high antecedent runoff conditions. The resulting peak discharge recorded
on the 19th at the USGS gage at Washburn was 43,400 cfs, the largest flow
in the 53 year period of record. The estimated peak flow at Fort
Fairfield was 58,500 cfs.



g Ice Jams. Ice jams are practically an annual event in the
Aroostook basin occurring during spring ice-out or at other times during
the winter when freshets and temperatures are sufficient to cause river
sheet ice breakup. Most frequently ice jams occur during rising
riverflows and are broken up by time of peak discharge. The surcharge in
river level caused by ice jams can be appreciable. Frequently, peak
annual river levels are a result of ice jams occurring at times other than
peak discharge. An analysis of peak annual stages and discharges at the
Washburn USGS gage indicated that in 22 years out of 53, or 42% of the
years, peak annual river levels were the result of ice jams. There
obviously were many ice jam occurrences other than those producing peak
stage for the year. '

Peak annual stages, at the Washburn gage for the period 1931-1983,
with those caused by ice jams noted, are listed in Table 6.

Ice jams on the Aroostook River at Fort Fairfield have added
significantly to the flood problems of that community. The record flood
stage at Fort Fairfield occurred in April 1976 as a result of an ice jam
event during a high flow period. The resulting flood levels were about 3
feet higher than those produced by the non-ice jam flood of April 1973,

6. FLOOD FREQUENCIES

Peak discharge frequencies for the Aroostook River were developed by
statistical analysis of long term peak flow records in the region.
Discharge frequencies were developed for the Aroostook River, at the USGS
gage in Washburn, Maine, by statistical analysis using a Log Pearson type
IIT distribution in accordance with guidelines set forth in U.S. Water
Resources Council Bulletin 17B, "Guidelines for Determining Floodflow
Frequency," revised September 1982. The distribution of peak flows at the
Washburn gage, with a drainage area of 1,654 square miles and a period of
record of 53 years, had a mean log of 4.3649, a standard deviation of
0.1527, and a computed negative skew 0.40; however, a skew of 0.0 was
adopted based on regional studies and broader data bases afforded by such
analyses. Discharge frequencies at Fort Fairfield (D.A = 2,230 square
miles) were considered proportional to those at Washburn by ratio of
respective drainage areas. Other miscellaneous discharge data were also
congidered in arriving at the adopted frequency relation for the Aroostook
River at Fort Fairfield. These data included 7 years of record {1904-
.1910) -at a USGS ‘gage at :Fort.Fairfield. The adopted discharge frequency
.curves with expected probability. adjustment: at Washburn and Fort Fairfield
are shown on Plate 2.
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Date

13 Apr
13 Apr

4 May
21 Apr
20 Apr

22 Mar
30 Apr
21 Apr
11 May
15 Apr

17 Apr
28 Rpr
13 May
11 Nov
3 Apr

30 Apr
g8 May
20 May
9 Apr
23 BApr

6 Apr
20 Apr
30 Mar
29 Jun
22 Dec

18 Apr
24 Apr
21 Dec
11 Apr
16 May

16 May
17 Jul

10 Nov

26 Apr

13 Apr
11 May
26 Apr

24 Apr
17 May
30 Apr
24 Dec
22 Apr

22 Apr
30 Apr
11 Apr

& Apr
22 Apr
19 Apr
17 Apr

1931
1932
1933
1934
1835

1936
1837
1938
1939

1940

1941
1942
1943
1943
1945

1946
1947
1948
1949
1950

1951
1952
1953
1954
1954

1956
1957
1957
1959
1960

1961
1962
1963
1963
1964

1966
1967
1968
1969
1970

1971
1972
1973
1973
1975

1876
1977
1978
1879
1580

1981
1982
1933
1934

ARCOSTOOK_RIVER
PEBK ANNUAL STAGES

WASHBURN USGS_GAGE
(1931-1984)

Elevation

(£t ,NGVD)

444.4
445.8
446.3
448.0
447.1

448.2
444.8
445.0
446.4
449.9

446.9
445.2
444.9
443.1
448.2

446.4
446.0
442.4
445.7
446.4

452.2
446.9
450.3
- 448.2
449.8

444 .4
444.1
451.3
447.9
446.8

449.1
445.6
446.4
447.6
445.4

444.4
445.4
446.6
447.3
446.9

447.6
446.6
450.1
457.3
445.9

451.1
447.2
448.3
449.6
445.1

447.6

452,07
450,13
449,86

Ccroment

Ice

Ice

Ice

Ice

Ice

Ice
Ice
Ice
Ice
Ice

Ice
Ice

Ice

Ice

Ice

Ice
Ice

Ice
Ice

Ice

Ice
Ice

Ice

Jam

Jam

Jam

Jam

Jam

Jam
Jam
Jam
Jam

Jam

Jam
Jam

Jam

Jam

Jam
Jam

Jarm
Jam

Jam

Jam
Jam

Jam
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7. ANALYSIS OF FLOODS

a. General. -The large drainage area of the Arcostook River at Fort
Fairfield (2,230 square miles) is a hydrologically "sluggish" basin
affecting peak discharges and duration of flooding at Fort Fairfield.
Because of the large size of the watershed and its character, several days
may pass before effects of heavy rains cause peak flows in the study
reach. In the same manner, severe flood conditions may persist for as
much as a week while reservoirs, lakes and large tracts of land in the
southwestern Aroostook basin drain to normal levels,

b. Flood Profiles. Backwater flood profiles on the Aroostook River
in Fort Fairfield were computed starting at the United States-Canadian
border at river station 231+26 and proceeding upstream a distance of about
4 miles to river station 460+00 (about 1 mile above Limestone Road
bridge). The starting water surface elevations for the Aroostook River
were determined by developing a discharge rating curve at Tinker Dam,
Canada located about 1 mile below the U.S,-Canada border. Information
pertinent to the development of the rating curve was furnished by the
Maine Public Service Company, Presque Isle, Maine. Tinker Dam is viewed
more as a diversion than a high dam facility whereby the power potential
.of .a natural falls is harnessed. The dam is equipped with a main spillway
.about 270 feet 'long with a 10 foot high bottom hinged gate. The invert of
the gate is elevation 342 feet NGVD and normal maximum pool (gate raised)
is elevation 352 feet NGVD. Flood stage discharge ratings were developed
assuming the gate fully lowered and a main spillway weir coefficient of
3.6 with flow occurring over concrete non-overflow sections.

Backwater computations were made using cross section data as well as
5 foot contour mapping used in an earlier Arocostook River flood plain
information report completed by NED in 1978. Computations were made using
the Corps' HEC-2 computer program with Manning's "n" roughness coeffi-
cients of 0.03 for channel and 0.07 for overbank areas. Expansion and
contraction coefficients were generally 0.3 and 0.1, respectively. The
backwater model was calibrated by comparing developed discharge ratings at
the Limestone Road bridge in Fort Fairfield with historic highwater marks
of the April 1973 flood. A plan and profile of the Aroostook River in
Fort Fairfield is shown on Plate 7.

c. Stage Discharge Relations. Stages of floods at Fort Fairfield
..are.a. function of not only the magnitude of flows but of the coincidences
of ice jams. Normal or."non-ice".stage discharge relationships were first
- developed using the HEC-2 backwater model. .A developed rating curve for
the Aroostook River at the Limestone Road bridge in Fort Fairfield is
shown on Plate 3. Also shown on Plate 3 is the adjustment to the "non-
ice" curve to reflect the probable effect of ice. Adjustments consisted
of increasing stages by 1.7 feet based on historic data of ice jams at
Fort Fairfield as well as analyses performed at the Washburn gage as
discussed in greater detail in paragraph 7d - Stage Frequency Relations.

10
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d. Stage Frequency Relationg. Flood stage frequency curves are

conventionally determined directly, using developed discharge frequencies
and a stage discharge rating for the river. However, because of the
history of ice jams on the Aroostook River, stage frequencies were
developed by analysis of both peak discharge frequencies and the frequency
and magnitude of ice jam flood stages. Normal or "non-ice' stage fre-
quency curves were first developed utilizing the developed peak discharge
frequency curves and the '"non-ice" stage discharge rating at the Limestone
Road bridge in Fort Fairfield. At Fort Fairfield, historic data on ice

jam
ice

stages is tabulated in Table 7. This historic data indicated that
jams increased river levels an average of about 3.5 feet over non-ice

levels. From inspection of the historic stages at the Washburn gage in
Table 6, about 50 percent of the annual peaks were affected by ice.
Therefore, the probable ice—affected stage frequency curve, at Fort
Fairfield, was assumed mid-way (50 percent) between the non-ice stage
frequency curve and the 100 percent ice surcharged curve or the non-ice
stage frequency curve was adjusted upward 1.7 feet (50% x 3.5) to reflect

the

probable effect of ice. As a comparative check, coincident frequency

procedures, as presented in Draft EC1110-2-249, dated 5 June 1985, were
also performed and found to be in general conformance with the ice
.adjusted stage frequency curve. The adopted stage. frequency curves are
. shown on Plate 4,

Date

9 Apr
19 Mar
17 Apr
24 Dec

3 Apr

*

Fedeke

TABLE 7

HISTORIC ICE JAMS
AROOSTOOK RIVER AT LIMESTONE ROAD BRIDGE
FORT FAIRFIELD, MAINE

Historic "Ice" Peak” "Non-Ice"™ ™
. v N Jedede
High Water Discharge High Water Increase
(FT-NGVD) (CFS) (FT-NGVD) (FEET)
1932 362.0 28200 358.2 3.8
1936 363.5 51000 362.0 1.5
1940 362.7 41700 360,5 2.2
1973 361.7 25600 357.7 4,0
1976 365.6 43500 360.7 4.9

Peak Discharge based on coincident peak flow at Washburn gage (DA =
1,654 sq. mi,) transferred to Fort Fairfield (DA = 2,230 sq. mi.)} by
drainage area ratio.

Non-ice high water determined from peak discharge and developed "non-
ice" discharge rating curve at Limestone Road bridge.

Increase in feet of "ice" high water over "non-ice" high water.
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8. STANDARD PROJECT FLOOD

a. General, Recommended flood control improvements for the
Aroostook River at Fort Fairfield will not provide for Standard Project
Flood (SPF) protectionj however, an estimated SPF was developed as a
"standard" against which the flood potential of the river could be judged,
in comparison to the estimated frequency and magnitude of experienced
floods. The SPF represents the flood discharge that may be expected from
the most severe combination of meteorological and hydrologic conditions
that are considered reasonably characteristic of the region excluding
extremely rare combinations. The SPF for the Arcostook River at Fort
Fairfield was developed by applying standard project storm rainfall to an
adopted unit hydrograph generally in accordance with EM 1110-2~1411.

b. Standard Project Rainfall and Snowmelt. Standard project storm
rainfall for the watershed above Fort Fairfield was determined from data
developed during the Dickey-Lincoln School project studies. Since the
Aroostook River is adjacent to and characteristically similar to the
Dickey watershed (Saint John River), data developed during these studies
were considered applicable for Fort Fairfield. In 1966, a report
entitled: "Probable Maximum Precipitation . for the .Saint John River above
Dickey Damsite and between Dickey and Lincoln School Damsites, Maine," was
prepared by the Hydrometeorological Branch of .the Office of Hydrology,
U.S. Weather Bureau, Washington, DC. In-this report, probable maximum
precipitation (PMP) for six-hour periods and for drainage areas up to
5,150 square miles was presented for the subject basin. Probable maximum
storm rainfalls were also developed for various seasons as a percentage of
the all-seagson maximum. It was considered that approximately one-half of
the PMP amounts would be appropriate for standard project storm (SPS)
estimates for the basin above Fort Fairfield. A spring season (May) SPS
rainfall of 4.3 inches in 24 hours was adopted for the watershed above
Fort Fairfield. Assuming an infiltration rate of 0.2 inch per 6 hour
period, a May SPS excess of 3.5 inches resulted.

In addition to the spring rainfall, snowmelt was considered in
determining total SPF runoff. Runoff from snowmelt was determined by the
following equation in accordance with EM 1110-2-1406:

M = 0.09 + (0.029 + 0.0084 KW + 0.007 R} (T-TF)
where
M = daily snowmelt in inches
K = exposure constant (1.0 for unforrestedj 0.3 for forrested)
W = wind speed in MPH
R = daily rainfall in inches
T = air temperature in degrees Fahrenheit
TF = snowpack temperature in degrees Fahrenheit (usually 32°F)
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Applying the 24-hour SPS rainfall to the above equation, with a 10
MPH wind speed and 49°F air temperature, resulted in a 24~hour snowmelt of
1.52 inches. Therefore, the spring SPS excess of 3.5 inches coincident
with a snowmelt of 1.52 inches resulted in a total SPF runoff of 5,02

inches. 8ix hour rainfall, losses, snowmelts, and excesses are listed in
Table 8.

TABLE 8

SPRING SEASON STANDARD PROJECT FLOOD RUNOQFF
ARQOSTOOK RIVER BASIN
FORT FAIRFIELD, MAINE

Time Rainfall Loss Snowmelt Excess
(hr) (in) {in) (in) (in)
0-6 2.8 0.2 0.38 2.98
6~12 0.9 0.2 0.38 1,08
12-18 0.3 0.2 0.38 0.48
18-24 0.3 0.2 . 0.38 0.48
Total 4.3 .8 1.52 5.02

c. Unit Hydrograph. A unit hydrograph for the Aroostook River at
Fort Fairfield was developed by analysis of the April 1973 flood
hydrograph at the USGS gaging station in Washburn. In April 1973,
coincident with spring snowmelt, 0.87 inch of rain occurred on the 22nd
and 23rd followed by 2.18 inches on the 27th thru 29th, The resulting
flood hydrograph at Washburn had two distinct peaks on the 24th and 30th,
with the latter being the second highest flow of record (see Plate 5). In
developing the unit hydrograph, runoff from rainfall on the 22nd and 23rd
was subtracted from the total hydrograph and the unit hydrograph was
determined for the remaining hydrograph containing 2.4 inches of excess
rainfall resulting from the storm on 27 thru 29 April. It is noted that
the combination of the earlier storm together with substantial snowmelt
during the first few weeks in April produced high antecedent conditions,
resulting in a high percentage of rainfall runoff. The 2.4 inch runoff
hydrograph had a peak discharge of about 27,000 cfs and was used to
determine a 30-hour unit hydrograph. This 30-hour unit graph was then
converted to a 6-hour unit graph by standard "s" curve procedures. To
adjust the unit hydrograph for Fort Fairfield, Snyder's synthetic unit
hydrograph coefficients were determined from the Washburn unit graph and
‘prorated to Fort Fairfield. The resulting 6-hour unit graph at Fort
Fairfield had a peak flow of 18,000 cfs and is shown in Plate 5.
Pertinent unit hydrograph data are presented in Table 9.

13
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TABLE 9

ARCOSTOOK RIVER
~PERTINENT UNIT HYDROGRAPH DATA

Washburn Fort Fairfield

Drainage Area 1,654 sq. mi. 2,230 sq. mi,

L 80 miles 112 miles
Lea 36 miles 53 miles
T. 6 hours 6 hours
T 39 hours 49 hours
ch 3.5 3.5
C_640 380 380
QP 16,000 cfs 18,000 cfs
qg 9.7 cfs/sq. mi. 8.1 cfs/sq. mi.
d. Standard Project Flood. The spring season standard project storm

rainfall plus snowmelt of 5.02 inches, applied te the adopted 6-hour unit
hydrograph at Fort Fairfield, resulted in a spring season standard project
flood discharge of 103,300 cfs as shown on Plate 6. The developed
‘standard project flood discharge.is about twice the magnitude of the April
1983 discharge of 58,000 cfs. The elevation of the standard project flood
at Fort Fairfield would be about 370 feet NGVD or about 4 feet higher than
the record April 1976 ice jam related flood or about 7 feet above the non-
ice jam related flood of April 1983 flood. A plan and profile of the
standard project flood, both with and without improvements, are shown
Plate 7.

an

9., FLOOD CONTROL IMPROVEMENTS

a. General. Following initial reconnaissance studies, feasible
structural improvements for flood control consisted of earth dike flood
protection along the rightbank of the Arocostook River within the town of
Fort Fairfield. Protection would start about 2,900 feet downstream of the
Limestone Road bridge and continue upstream a distance of about 2,700
feet. Improvements were hydrologically sized for the 2 percent chance, 1
percent chance and SPF levels of protection. The 1 percent chance flow
with corresponding ice surcharge effect was eventually selected as the
design level of protection through the plan formulation process.

. Properties protected by this dike are
"the Aroostook River as .shown on Plate

b. Project Design Flood. Based
studiesg, the recommended design flood
74,000 cfs plus 1.7 ft. allowance for

predominantly commercial areas along
7.

on scoping analyses during DPR
is the 1 percent chance peak flow of
ice jam surcharge. The water

surface elevations for the 1 percent chance flow at the downstream and
upstream ends of the dike, without ice surcharage, are 364.0 and 365.7
feet NGVD, respectively, and at the Limestone Road bridge is 366.1 feet
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NGVD. Water surface elevations were computed by backwater computations
using the HEC-2 computer program with a channel Manning's "n" value of
0.03., Flood flow velocities within this reach ranged from 7 to 11 feet
per second and are not measurably different from those computed without
the project. As a result of the project, the Aroostook River would
experience an increase in stage at the Limestone Road bridge of about 0.5
feet., Modified discharge rating curves as well as stage frequency curves,
reflecting ice surcharge, are shown on Plates 3 and 4, respectively. Plan
and profiles of the 1 percent chance flood with and without ice surcharge
as well as the standard project flood are shown on Plate 7.

c. Level of Protection. The proposed plan will provide flood damage
protection to properties located along the right bank of the Arocostook
River. Top elevation of the dike will be 368,7 feet NGVD at its
downstream end sloping uniformly to elevation 370.4 feet NGVD at its
upstream end. The design elevations for the top of dike will provide 3
feet of freeboard above the ice surcharged 1 percent chance flood (74,000
cfs plus 1.7 feet increase in stage) level and will be 4.7 feet above the
April 1976 flood of record at Fort Fairfield. Similarly, the dike height
would provide 3 feet of freeboard above a floodflow 85 percent of the 1
percent chance flood with a coincidental 3.4 feet ice jam surcharge. The
'selected 3 feet of freeboard above the ice 'surcharged 1 percent chance
flood level will provide some allowance for. added ice, debris, or other
unpredictable surcharge :inducing factors during the design event.

d. Riprap Design. All disturbed earth channel side slopes will be
riprap protected., Hydraulic analysis for riprap design was provided by
the Hydraulics and Water Quality Section, Water Control Branch using
tractive force theories in accordance with EM 1110-2~-1601 and ETL 1110-2-
120, Riprap was sized with an associated flow depth of 21.4 feet, and for
an energy gradient of .00076 foot/foot. Assuming a 1V:2H sideslope, a
minimum D g stone size of 0.35' was determined to resist tractive forces
alone. Rock size and layer thickness will be increased to reduce damage
expected from ice attack and eddy forces.

e, Alternative Levels of Protection. The following two alternative
levels of protection were investipgated during DPR studies but were found
to provide less total net benefits than the recommended plan.

(1) Two Percent Chance (50-Year Design). In order to provide
two percent chance flood damage protection. to properties located along the
right bank of the Arcostook River, the top elevation of the dike would be
367.7 feet NGVD at the ‘downstream end sloping.uniformly to elevation 369.4
feet NGVD at the upstream end, providing 3 feet of freeboard above the ice
surcharged 2 percent chance flood (67,000 cfs) level and would be 3.8 feet
above the April 1976 flood of record level at Fort Fairfield. Similarly,
the dike height would provide about 3 feet of freeboard above a floodflow
82 percent of the two percent chance flood with a coincidental 3.4 foot
ice jam surcharge.
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{(2) Standard Project Flood Degign. To provide standard project
flood protection, the top elevation of the dike would be 370.1 feet NGVD
at its downstream end sloping uniformly to elevation 371.9 feet NGVD at
its upstream end. The design elevations for the top of dike would be 1.4
feet higher than for the one percent chance design (recommended plan) and
would provide 3 feet of freeboard above the non-ice standard project flood .
(103,000 cfs) level and is 6.2 feet above the greatest experienced flood
level at Fort Fairfield. The SPF design level was not adopted for ice on
the thesis that under SPF conditions any ice would go out prior to the
cccurrence of peak flow.

f. Interior Drainage.

(1) General. The proposed earth dike will intercept runoff from
approximately 242 acres of interior area consisting of residential/-
commercial areas and farmlands. The interior area was divided into (a) a
"high level" watershed of approximately 122 acres which will discharge by
gravity via pressure conduit during pericds of high flow on the Arocostook
River and (b) a "low level" watershed of approximately 120 acres which
will drain by gravity during normal periods but will require pumping
.during high river stages. '

(2) High Level Watershed, The high level watershed is situated
on the western side of Fort Fairfield consisting of about 60 percent
farmlands and 40 percent residential/commercial areas. Runoff from this
area flows northerly along the eastern side of the Bangor and Aroostook
Railroad and passes through a series of culverts before outletting into
the Aroostook River via a 5-foot diameter corrugated metal pipe. Interior
drainage requirements for this high level watershed consist of a 48 inch
diameter presssure conduit extending from upstream of Main Street to the
Arcostook River for a total length of about 350 feet. Top elevation of
the headwall above Main Street will be 372.0 feet NGVD, including 2 feet
of freeboard, in order to pass the 1 percent chance discharge of 83 cfs
against design river stage. This flow capacity is based on the rational
formula using a 1 percent chance 1 hour rainfall of 1.9 inches and a
runoff coefficient of 0.36. The upstream invert elevation of the proposed
pressure conduit will be 366.0 feet NGVD.

(3) Low Level Watershed. The low level watershed is situated in
the central part of Fort Fairfield, consisting of about 85 percent
moderate business and residential development and 15 percent un-
developed. In the 1960's, a locally constructed channel diverted Libby
Brook easterly into Pattee Brook which outlets into the Arocostook River
downstream of the proposed line of protection. The remaining undiverted
portion of Libby Brook flows through the central part of town and outlets
into the Aroostock River through the proposed line of protection via twin
8-foot diameter corrugated metal conduits. Runoff from this low level
watershed i3 conveyed to the Aroostook River by this undiverted portion of ¥
Libby Brook. Interior drainage requirements consist of a 48«inch dismeter
gated gravity conduit, located at the line of protection with capacity to
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discharge a minimum of 125 cfs against a normal river stage. The gated
gravity conduit should have a slope no less than 0.0l foot per linear
foot. This flow capacity is based on the rational formula using a 1
percent chance 1 hour rainfall of 1.9 inches, and a "c'" coefficient of
0.55. An interior pumping station will also be required with a capacity
of 30 cfs against design river stage. This pumping capacity is equivalent
to a runoff rate of 0.25 inch per hour which is comparable to the maximum
average hourly rainfall rate during past historic floods, most notably,
the April 1973 and April 1983 events. Both the pumping station and gated
gravity conduit will be located adjacent to the proposed line of protec~
tion just north of Main Street in the vicinity of the present Libby Brook
outlet,
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A. PERTINENT DATA

1, Purpose

Local flood protection
2. Location

State - Maine

County - Aroostook

City - Fort Fairfield

3. Design Flood

Frequency — 100-year flood
- Freeboard — 3 feet
Dgg = 0.44 feet for 1 vertical to 2 horizontal slope

4, Dike

Type = Earth Fill with Stone Protection
Maximum height above streambank - 28 feet
‘Maximum height above landside toe - 18 feet
- 16 feet (alternate)

Slopes - Riverside - 1 vertical on 2.5 horizontal

- Landside =~ 1 vertical on 2.5 horizontal
Total Length - 3,175 feet

- 2,730 feet (alternate)

Top Width - 12 feet to 17 feet (transition sections)

5. Pump Station

Type = Concrete
Bottom Elevation — 342 feet NGVD
Capacity — 30 cubic feet per second

6. Pressure Conduit

Type - Concrete/Dustile Iron
Invert Elevation{s) - 366 feet NGVD to 342 feet NGVD
Diameter - 4 feet

7. Railroad Gates

Type - Stop log
Bottom of footing elevation - 354 feet NGVD



B. INTRODUCTION

8. Location and Description of Project

The proposed flood damage reduction project in Fort Fairfield, Maine
is situated on the south bank of the Aroostook River. The Arcostook River
originates approximately 61 miles to the southwest of Fort Fairfield at
the east ocutlet of Munsungan Lake in Township 8, Range 9, Maine. It flows
in a northeastly direction after passing through Fort Fairfield
approximately 9 miles to its confluence with the St. John River in Four
Falls, New Brunswick, Canada. The project will consist of a 3,175 or
2,730 foot (alternate) foot earth dike situated on the south bank of the
Aroostook River, a pump station and pressure conduit to handle interior
drainage, and two railroad gates to provide end closures for the dike.

The project will reduce flood damage to private and commercial properties
in the Fort Fairfield central business district during large flood events.

9., General

Subsurface investigations and geotechnical engineering studies were
performed to further the continued planning of structural features to
reduce . flood damage in Fort Fairfield, Maine. The subsurface
investigations included research of available information, geological
studies, subsurface explorations and laboratory testing. The subsurface
investigations were performed to determine the distribution and
description of potential foundation materials for the proposed
improvements. Preliminary geotechnical engineering studies, based on the
data collected from the subsurface investigations were conducted to
develop safe and economical preliminary foundation designs, dike sections,
and construction methods.

Additional Plan Formulation was done after completion of subsurface
investigations and most of the geotechnical engineering effort for this
report. Changes due to the additional plan formulation are designated as
"alternate" on the plates and in the text. Subsurface explorations and
geotechnical studies will be required during the plans and specifications
stage to accommodate the alternate pump station and south gate structure
locations.

10. Elevations

All elevations mentioned in this report are in reference to the
National Geodetic Vertical Datum (NGVD), which is the mean sea level of
1929,
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C. TOPOGRAPHY, GEQLOGY AND SEISMICITY

11. Topography

The project site is on the south bank of the Aroostook River about
nine river miles southwest from its confluence with the St. John River in
New Brunswick, Canada. The centerline of the proposed dike is along a
sloping river bank which averages about 80 feet wide and varies in
elevation (El.) from approximately 340 feet to 360 feet. Terraces are
well developed on the opposite bank of the river, Away from the river
banks, low, rounded hills rise to about El. 700 feet.

12. Geology

The bedrock of the area is mapped as the Spragueville Formation, a
calcareous metasiltstone with interbedded silty limestones. Borings along
the alignment went to elevations as low as El, 327 feet with none reaching
bedrock, but State of Maine Route 165 highway bridge borings reached
bedrock as shallow as El. 345 feet where the railroad passes under the
highway bridge just upstream of the project site, The borings show that
the rock surface plunges as deep as El. 270 feet toward the north bank of
the river, or about 75 feet below the water surface. Along the dike
alignment the overburden consists of fill, sands and gravels with minor
silts which overlie a sandy gravelly till,

13. Seismicity

The project is located in Seismic Zone 1 as defined by the map
contained in Engineering Regulation, ER 1110-2-1806, "Earthquake Design
and Analysis for Corps of Engineers Projects." A seismic coefficient of
0.05g is to be used for stability amalyses of concrete structures.

D. SUBSURFACE INVESTIGATIONS

14, Presentation of Data

Locations of the subsurface explorations are shown on Plates B-1,
B-2, and B-3. An Engineering-Log Profile of the borings i1s presented on
Plate B-4. Probe data is shown on Table B-1l. The results of soil tests
are included in Table B-2,

15. Subsurface Explorations

Atlantic Testing Laboratories, Limited executed seven hollow stem
auger borings (FD-86-7 to FD-86-13) for the United States Army Corps of
Engineers (USACE), March 10-12, 1986. The boreholes were advanced in
areas where proposed structures are to be constructed. Standard
Penetration Tests and split spoon samples were generally taken at 5-foot
intervals or more frequently when required by the inspecteor. The test
borings were terminated at depths from 12 feet to 32 feet.
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Three drive sample borings (FD-78-4 to FD-78-6) and six hand probes
(FP-78-1 to FP-78-6) were performed and inspected by the USACE from
September 27, 1978 to October 6, 1978. The borings were terminated at 25
feet of depth along the centerline of the proposed dike. Continuous
sampling was performed in the boreholes by driving 2-1/2~inch and 2-inch
inside diameter solid spoons with a 350 pound weight and 18-inch drop
except where diamond core drilling was required to penetrate obstructions.
The hand probes were advanced near the normal Arocstook River water line
with an eight pound sledge to depths from 2.6 feet to 3.2 feet,

The Maine State Highway Commission performed 13 drive sample
explorations for the Arocostook River bridge which is approximately 500
feet north (upstream) of the proposed dike. The explorations varied in
depth from 20.0 feet to 88.8 feet. Solid tube samples were generally
taken at 5-foot intervals. Rock was cored in 12 of the holes.

Three preliminary drive sample borings (FD~50-1 to FD-50-3) were
executed and inspected by USACE, July 10-12, 1950. The borings were
located along the existing Canadian Pacific Railroad main line track which
is from 90 feet to 175 feet west (inland) of the proposed dike. The depth
of the borings varied from 15.5 feet to 31.0 feet. Continuous sampling
was performed in the boreholes by driving 2-1/2-inch and 2-inch inside
diameter solid spoons with a 350 pound hammer and 18~inch drop.

16. Future Explorations

The south gate structure and pump house will be moved to the
alternate locations shown on Plates B-1 and B-3. It is recommended that
explorations be performed at their alternate locations during plans and
specifications stage to identify the depth of firm undisturbed natural
materials. It also is recommended that test pits be executed during plans
and specifications stage to better define the extent of the rubble fill
near FD-78-6, the soft clayey silts, sands, and gravels near FD-78-4, and
the location of utility lines.

17. Laboratory Tests

All laboratery tests were performed in accordance with the procedures
described in Corps of Engineers Manual EM 1110-2-1906, '"Laboratory Soils
Testing." All soil samples were visually classified in accordance with
the Unified Soil Classification System. .Grain.size.analyses, Atterberg
Limit . determinations, Hydrometer.analyses, .and Moisture Content
determinations were performed on selected samples. to. help classify the
materials encountered and to provide more precise data where required.



E. CHARACTERISTICS QF FOUNDATION MATERTALS

18. Dike

Most of the riverside toe of the dike will lie in the pool (normal
water El. 352 feet) created by Tinker Dam which is located approximately
one mile downstream. The six probes taken in the proposed toe area
indicate that the depth to firm ground is 12 to 18 inches. The soil
profile under the proposed dike, is granular fill underlain by silty sandy
gravels (GM) and silty gravelly sands (SM). Exceptions to the profile
were observed near FD-78«6 where rubble fill was encountered and FD-78-4
where clayey silts, sands, and gravels were observed beneath the fill.

The fill is a brown to dark brown, heterogeneous mixture of silt,
sand and gravel with cinders, organic matter, brick fragments, porcelain
fragments, glass, roots, concrete, tar paper, steel rods, cobbles,
boulders and sometimes having an organic odor. The observed thickness of
the fill varies from 1.5 feet to 22.0 feet. Blow counts recorded during
standard penetration tests and solid spoon drives indicate the f£ill is
very loose to very compact.

Light brown, brown and gray~brown silty sandy gravels (GM) and silty
gravelly sands (SM) were observed below the fill, The gilt content varied
from 7 to 32 percent in grain size determinations performed on the silty
sandy gravels and silty gravelly sands. Standard Penetration test and
solid spoon sample blow counts indicate the silty sandy gravels and silty
gravelly sands are very loose to very compact. Most of the very loose
materials are near the top of the silty sandy gravel and silty gravelly
sand layer.

19, Gate Structures and Pump Station

The soil profile beneath the gates structures and pump station is
gsimilar to the one beneath the dike. The f£fill thickness is 5.0 feet to
11.5 feet at the proposed north gate structure, 15.0 feet at the proposed
pump station, and 0 feet to 5.0 feet at the proposed south gate structure.

20, Pressure Conduit

The soil profile along the proposed pressure conduit is granular fill
.underlain by a brown,.sandy silt. The granular fill varies 0 feet to 4.0
feet in.thickness and is similar to the fill material below the proposed
dike embankment. .The brown, sandy silt is nonplastic. It is loose to
moderately compact in consistency based on standard penetration test
results.
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21, Groundwater

Groundwater was encountered in the boreholes from El. 348 feet to El.
351 feet except for FD-78-6 and FD-86-13 where none was observed, FD-86-11
(El., 343 feet), and FD-86~12 (El. 361 feet). It must be noted that
fluctuations in the groundwater levels may occur because of variation in
rainfall, snow, ice, temperature, or other factors which differ from the
conditions present at the time the observations were made.

22. Shear Strength and Permeability

Shear strength and permeability tests were not performed on the
foundation soils. The estimated angle of internal friction for the
foundation soils is 28 to 30 degrees. The estimated coefficient of
vertical permeability for the foundation soils is (0.3 to 3) x 10-4 cm/s.
The estimates are based on visual examination of the samples, grain-size
distribution curves, data from exploration logs and experience with
similar materials.

23. Consolidation

Consolidation tests were not performed on samples of foundation
s0ils., All 'soft and compressible surficial materials will be removed
prior to the construction of the dike embankment. The consolidation
characteristics and natural densities of the principally granular
foundation soils beneath the surficial materials are such that significant
post-construction foundation settlement is not anticipated under the
proposed embankment loadings.

F. CHARACTERISTICS OF EMBANKMENT MATERIALS

24, General

Most of the materials from the required stripping and excavation
operations will not be suitable for use in construction of the dike
embankment. The suitable material from the excavation and stripping
operations will be used to the extent practicable. The contractor will
furnish all embankment materials other than those available from the
required excavation and stripping operations due to the high cost of
developing government furnished borrow areas and difficulty involved in
.acquiring the land for borrow.areas.

25, Filter Design

The gradation requirements for impervious fill, gravel bedding, stone
bedding, and stone protection have been established in accordance with the
filter criteria set forth in Engineering Manual, EM 1110-2-1913, "Design
and Construction of Levees."
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26. Impervious Fill

Impervious fill will be furnished by the contractor. It will be a
natural, reasonably well graded, unprocessed material which contains clay,
silt, and sand. Experience with materials meeting the gradation ranges
below indicates that placement moisture contents can be maintained within
two percent of optimum moisture content with moderate control and that in-
place dry densities will be approximately 135 pounds per cubic foot.

Sieve Size

Percent Passing
{U.S. sStd.)

by Dry Weight

6-inch 100
3-inch 85-100
No. 4 70-95
No. 40 35-70
No. 200 20~45

27. Gravel Bedding

Gravel Bedding will be furnished by the contractor. It shall consist
of tough, durable particles of sand and gravel or crushed stone which are
reasonable well rounded. The materials shall be reasonably well graded
within the limits specified below,

Sieve Size Percent Passing
{(U.S. Std.) by Dry Weight
6-inch . 100
l-inch 50-90
No. 4 25-75
No. 16 15-50
No. 200 0-5

(In addition, not more than 10 percent, by dry weight, of the
component passing the No. 4 sieve shall pass the No. 200 sieve.)

28. Stone Bedding

Stone bedding will be furnished by the contractor. It shall consist
of quarried rock, composed of hard, durable, ‘angular and sound rock

. fragments. . Stone bedding shall be reasonably well graded within the
limits specified below.

Sieve Size

Percent Passing
(U.S. Std.)

by Dry Weight

6-inch | 99-100
1-1/2 inch 0-40
No. 4 0-5
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29, Stone Protection

Stone protection will be furnished by the contractor. It shall
consist of quarried rock, composed of hard durable, angular and sound rock
fragments with a unit weight of not less than 162 pounds per cubic foot.
It shall meet the following gradation and size requirements.

Limits of Percent Lighter by
Class Stone Weight (Pounds) Weight
I Retween 120 and 300 (Max) 100
Between 60 and 90 50
Less than 20 15
2 (Min.) 0
II Between 900 and 2300 (Max.) 100
Between 450 and 700 50
Less than 150 15
2 (Min.) 0

30. Shear Strength and Permeability

It is estimated based on the above gradations that the proposed
embankment materials will develop the following angles of internal
friction and coefficients of permeability:

Angle of Coefficient of

Materials Internal Friction (Degrees) Permeability (em/s)
Compacted Imperviogus . 30 + 32 <10™%

Dumped Gravel 30 to 33 1073 o 1072
Compacted Gravel 35 to 37 1073 to 1072
Gravel Bedding 35 to 37 : 1073 to 1072
Stone Bedding 4Q >1072

Stone Protection 40 >1072

31, Sources

Sand, gravel, and stone could be supplied by a commercial supplier in
Presque Isle which is approximately 10 miles from the proposed project
site. Private sand, gravel, and stone scurces.exist along.the Aroostook
River within 5 miles .of: the project which have been opened for use on past
projects. Concrete is available from the suppliers in. Presque Isle,
Houlton, and Madawaska which are all within 40 miles of the site.
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G. DESIGN AND CONSTRUCTION

32. Design Criteria

The principles and procedures discussed in Engineering Manual, EM
1110-2-1913, "Design and Construction of Levees,'" were used to develop
dike gectiong for this project. Layer thicknesses and stone gizes for the
proposed stone protection on the dike were determined using procedures in
the Engineering Manual, EM 1110-2-1601, "Hydraulic Design of Flood Control
Channels'" and Engineering Technical Letter, ER 1110-2-120, "Additional
Guidance for Riprap Channel Protection."

33, Materials for Dike Construction

All dike materials will be furnigshed by the contractor. It is
estimated that approximately 2,000 cubic yards of excavation will be
required to remove unsatisfactory dike foundation materials. Most of the
material excavated will not meet the specifications for the dike embank-
ment materials. The Contractor will be required to dispose of the
excavated material that can not be reused at an appropriate upland site.

34. Dike Sections

Proposed dike sections are shown on Plates B~5 and B-f. The shape of
the sections was influenced by foundation conditions, seep:.ze control
requirements, river erosion, ice action, maintenance consicz2rations, and
congtruction sequence., The stone protection thickness is . reater in
Section A-A (Typical End Section) than the other sections ! reduce
erosion caused by eddy currents and ice action at the ends of the dike,
The toe on the landside of the dike will interrupt seepage in critical
areas and act as an inspection trench during construction. Stone will
protect the dike from erosion and ice action on the riverside. Grass,
placed at a 1 vertical on 2,5 horizontal slope for maintenance reasons,
will protect the landside dike slope. The dumped gravel fill riverside
berm will expedite construction of the dike and will allow the contractor
to dewater the central dike base prior to placing the compacted impervious
fill core. The compacted impervious fill core will cut off seepage.

35. Seepage Control

The design hydrostatic head for the dike is the difference between
the 100-year flood level (El. 366 feet to El, 367 feet) on the waterside
and a water level at the ground surface on the landside. The design
hydrostatic head ranges from approximately 3 feet to approximately 13
feet. Seepage through the dike will be controlled by the relatively long
seepage path through the impervious core. Foundation seepage will be
controlled by the relatively long seepage path through the predominantly
silty sandy gravel and silty gravelly sand foundation soils. A shallow
landside toe drain will provided to interrupt seepage and reduce softening
on the inside of the dike.
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36. Embankment Stability

Section D~D was selected for stability analysis because it combines

- maximum embankment height with average to low foundation strengths,
Section D-D was analyzed for stability against shear failure using
circular failure surfaces and the UTEXAS2 slope stability package for the
End of Construction, Sudden Drawdown from Maximum Pool, Intermediate Flood
Stage, Steady Seepage from Maximum Pool conditions. An analysis of
earthquake conditions was not judged necessary due to the height of the
dike, the low magnitude of earthquakes that have occurred in the vicinity
of the site in the past, and the characteristics of the dike materials.
The design unit weights and shear strength parameters were selected on the
basis of experience with similar materials on other projects and are
tabulated below:

Material Unit Weight (pcf) Shear Strength (degrees, psf)
saturated moist Q R S

Stone Protection 135 118 40,0 40,0 40,0
Gravel Bedding and

Compacted Gravel Fill 145 135 35,0 37,0 37,0
Dumped Gravel Fill 135 120 30,0 33,0 33,0
Compacted Impervious

Fill 140 135 30,0 30,0 32,0
Foundation Soils 137 130 28,0 28,0 30,0

(above El. 342.0 feet)

Foundation Soils 140 133 30,0 30,0 32,0
(Below El. 342.0 feet)

The minimum factor of safety for each condition is shown below. The
results indicate that the selected embankment is safe from shear failure,
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Condition Factor of Safety
Acceptable Calculated
(shallow) (Deep)

End of Construction
(Rivarside) 1.3 1.6 1.5

End of Construction
(Landside) 1.3 1.4 2.0

Sudden Drawdown from
Maximum Pocl (EL. 367) 1.0 1.3 1.2

Intermediate Flood
Stage (El. 360 and El. 356) 1.4 1.6 1.6

Steady Seepage from
Maximum Pool (El. 367) 1.4 1.5 1.7

37. Dike Settlement

The embankment and foundation soils are of low compressibility except
possibly for the rubble fill near FD-78-6 and the clayey silts, sands, and
gravels near FD-78-4. The rubble fill and surficial, soft, clayey silts,
sands and gravels will be removed prior to construction of the dike. The
remaining clayey silts, sands and gravels are judged to be of low com—
pressibilty in situ due to their high densities and low plasticity
indices. Therefore, it is expected that all significant settlement of the
principally granular embankment and foundation soils will occur during
construction. - .

38. Construction Seguence

The dumped gravel fill riverside toe will be constructed starting at
the upstream end by pushing material into and down the Aroostook River
with bulldozers. The riverside toe will act as a cofferdam and will
facilitate dewatering of the compacted fill areas by open pumping.,
Deleterious materials will be stripped in the compacted fill areas after
completion of dewatering and prior to placement of fills. Compacted fills
will be placed to their full width in reaches long enough to permit proper
operation of compaction equipment. Stone protection and bedding layers
will be placed below normal water without diversion or dewatering of the
construction area immediately after completion of the dumped gravel fill
riverside toe. Above normal water, they will be placed in the dry after
completion of the compacted fills. Dike reaches will be completed to
their full width including stone protection prior to flood season.
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39. Placement and Compaction

Compacted gravel and impervious fill materials will be spread with
bulldozers or other approved equipment in loose layers of 8 inches in non-
restricted areas and 4 inches in restricted areas. Each layer will be
compacted to 95 percent of its maximum dry unit weight as determined by
modified proctor test ASTM D-1557. Heavy tractors and vibratory rollers
will not be allowed in restricted areas.

40. Slope Protection

Hydraulic analysis for erosion control of the dike indicates that a
minimum De, stone size of 0,44 feet is adequate to resist tractive forces
for a 1 vertical to 2 horizontal slope. A stone layer thickness of 0,75
feet was calculated from the minimum D., stone size. The stone layer
thickness was increased to 1.5 feet for placement above normal water to
resist ice forces, and to 2.25 feet for placement below normal water to
regsist ice forces and to provide for uncertainties associated with
underwater placement. The stone sizes required to construct layers 1.5
feet and 2.25 feet thick will be large enough to be considered vandal
proof.

Experience with ice action at Fort Kent, Maine has shown embankment
displacements occur in the transition areas even when twice the minimum
DSO stone size is used to determine the layer thickness. Three times the
minimum D., stone size was used to calculate a stone layer thickness of
2.25 feet 1n the transition areas. The stone layer thickness in the
transition areas were increased to 3.0 feet for placement above normal
water to resist ice forces, and to 4.5 feet for placement below normal
water to resist ice action and to provide for uncertainties associated
with underwater placement.

The proposed classes and gradations for the stone protection are
listed in Section 29, The proposed stone protection sections are shown on
Plates B-5 and B-6.

41. Structures

A pump station, pressure conduit and twc railroad gates will be
appurtenant structures to the dike. They will be light weight structures
constructed at the locations shown on Plates B-1 to B-3. They will be
constructed on undisturbed natural soils or compacted gravel fill placed
on undisturbed natural scils, and at least 6 feet below grade for adequate
frost protection. The proposed bottom elevations for the structures are
354 feet for the gates, 348 feet for the pump station, and from 366 feet
to 342 feet for the pressure conduit.

A design bearing pressure of 4000 pounds per square foot will be used

to design the spread footings required for the gates and pump house.
Design bearing pressures for footings less than three feet in minimum
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dimension will be reduced to B/3 times the recommended bearing pressure,
where B is the smallest dimension of the footing in feet. A minimum width
of 18 inches will be maintained for continuous footings.

42, Environmental

The environmental concerns identified to date are: movement of
pesticides in the river bottom sediments during construction of the river
side toe, disposal of stripped material and rubble fill, migration of
fines downstream during the dewatering operation, and a petroleum odor in
exploration FD~86-1l. The results of an Impact Analysis Branch Sampling
and Testing Program conducted during the winter and spring of 1986
indicate the levels of pesticides are not high enough in the river bottom
sediments at the site to be concerned that significant amounts will move
during construction., It is recommended that additional testing be
performed during construction to insure pesticide movement is minimal.
The town of Fort Fairfield and the state of Maine will identify
appropriate disposal areas for the gstripped material and rubble fill,
S8ilt curtains or an alternative will be used to reduce migration of fines
downstream during the dewatering operation. The downstream end of the
dike will be moved to avoid possible contaminated materials in the
vicinity of exploration FD-86~11.

43, Access

A gravel surface access road will run along the crown of the dike to
allow for inspection, maintenance, recreation and flood-fighting
activities. Either two access ramps and one turnout or One access ramp,
one turnout, and turnaround will be provided to facilitate usgse of the
access road., Locations for the access ramps, turnout, and turnaround will
be decided during the plans and specifications stage.

44. Pipelines

One l6-inch sewer main and many smaller live and abandoned utility
pipes exist under the proposed dike alinement. The sewer main and line
utility lines will be moved outside the dike limits. The abandoned
utility pipes will be removed prior to construction of the dike. The
inspection trench and test pits will be used to search for lines that may
not have been identified.
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SUBJECT Ford F"amae, [d —Maine
computation __Rdrain —pip head wall
COMPUTED 8Y 7 CHECKED BY DATE
ITEM ComPo'l-q{--"or\ Uerdical fbrf‘ton&( Moment A Moemen+ @
Forees (K) LForces () |Am 1) 708 _/X-{%)
W, WsYisYrox .1y | +3375 1.5 +253.12 -
Wz (125X OSY10Y.18) | +19,68 57625 + 307.5
W3 (2 Y oSy 15) | +is7s” 16.92 + 26b.5”
Wy +Ws 21 2Y1R)aY . 5) | +H32.87 8.5~ +372, 89
Ws +Wh 2(2.83Y 1,25¥4Y 15)} + 7.5 1,0 + 955
W1+ ﬂr/.:jzyle S| + 0.9 0.667 + O0.60
S 2 (1.81Y2S Yo 1) +12.497 17.67 | + 220.34
Oy (oY1) 18.28) | — LIS a.l28 | - ISb.53
Oz (/2X -2y 10Y18.28) | - 18,28 2, 167 - 220,05
Oz +Oy y2i2){. 014y 2Y2) - o376 1.0 -.376
Ls +0L 2 115 Y2Y2) —, .33 R
sy W2(: 294 Y4 TX10) -6.9 1.5%71 ~10.8!
CRTS (. oMY LsYro) +0,705" 0.5 +0.352
Rogthoy | 2(12Y, zsqw.axz)) ~2.3) 1.43 -3 30
P 54 Po6 | 2 () .08Y1S) 2 +.282 0.5 + .14
Pey Y2(.32TY46X 10) -7.85" 6.3 ~ 4q. 4y
Pea (3274 7Y16) -15.37 | 235 -3b6.2
Pes (). 1824 10) -4.28 |.567 - 6.70
Pey (t2Y.0s8YIST16) + . UBS ©0.5 +.,211
Pos e | 2(12):20642Y2) - 2.46 57 -13,469
E7 4058 HSI ZSBXZ) -4.92 2.'5- *-ID.'-S—-’
PeqePrio 2('!2)(. 1 W43y 2) - bt .43 - 2.08
Pen+Pera | z(R)(.058Y15Y2) 4171y .5 + 08"
Zv=9984 £ H=432.81 é_[l\a = 42198

STabildy @ TOB

M qz21.98 _ Q’Z37 ”525’ ( 1-2 ,57 o'é'

P AN T e
_&i__%_‘i_y_@— 41 Yl 7 l.53aé,
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27 Sept 49 CORPS OF ENGINEERS, U.S. ARMY

SUBJECT fORT _FRIREIELD "/%4'//1)&' LFP

COMPUTATION Pump STATION SSTARLLLTY

computeo sy . CNestorides CHECKED BY DATE 2 /: L// 87

ForT ﬁqf,e/:z ELD ~ Rup Smnaul

—/716 ,DM station was Checked for 57’&6://7{1 along Fthe éo/?‘o;g,
focmdczz‘ron deptt of 346.3, insne! northjsouth airection .

The G/rumiure was 0m/7zed I Qccafda,noe o Y4 e o/z’oawrzj
ey Criteria s | _

I EC 1110-2-510 2 "Working draft of the Pe;’amvy and Food Weall
' Manuad ” 31 z‘?f.{.?usf‘ /783 14)/(’, anges /S'J"LJJ&

2, Em Mo-2-256: "Sliding Stabiit by of Cemcretfe structures!
< TJune [98/. .

7%6 sorl Surrounding  Fhe qum}pm7 Station /s at el 360.
The “worest? Case OJ,? _ savotved T the Sorl saturated alf
aroun ol 7"106 *27‘4/70)1 . Since for+ Feurfield /s jm seismic
zone (ne (minor agw?ﬁe) , The earrh gqalce joadl s not Hhe Orifreal
{Oadf-ﬂg ’ .

The Criteria /r 57‘45,/,/7 that must & 642/15//:45( are as
{lows:

&) That , the Jactor 07[5/] 657 ainst Sliding s aruter ﬂmn
/.5 (Pus 15 an assumer vdlwe\bund Acceptitsle Jjor Fheé j//en
burlding and load kse)

b) Hhat  the éeami? pressures Ao nof exceea/ %he a//oa)ab/e
7 S, |

B and, %W (0070 of +he base be in éompncssmm .i

, Aﬁachea{ are. Jec/—ron,s ccpon whxch the Wejlu‘i_'_
‘was. Calewated:

E5‘9’/ Tarameters: /(o ~at rest w,// be asec/ /r /a.fém/ Lﬁo// p/essé}'si .
- The eﬁ@ds of the soil /n Me st wesf Aireckon, f&sx&sa@nj z%c ovafﬁtrm

mpment were not gonsioleréd o more donsrvative, |7
/%wmz COmpacz‘ed 7raye/ / 4 qmurza{ pumping. csfahan ; ,dono; .._L!gé’_.__, .
| 6&1‘ e
l o i Ko = /*SM‘Q{ ‘/3 o { .. $5,E‘ |
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SUBJECT Forr ﬁlﬁ geLp ~ MAWE LA

COMPUTATION Puubig _Srsrion STABLLLY

convuteo oy ___ENestorides CHECKED BY oare X —~[2-8F
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SUBJECT — FORT FAIREIELD — Mame LAP

COMPUTATION Furmping Srtarion)  STARILITY
COMPUTED BY 8\‘8&‘}0!‘(0(6’5 CHECKED 8Y oare 2 -12-8%
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SUBJECT Forr FA Il D  — AMANE

COMPUTATION . b PIAG  DTAT A SrAlies Ty
6!\)2 orides 4 7 /
COMPUTED BY 2 CHECKED BY oare —Z /12 -8%
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SUBJECT Forr  FAIR Fietp  —~ MAINE LpP

COMPUTATION /DCM'IDML} 57’&!903 Stabil t[bf
COMPYTED 8Y éU esTor/des CHECKED BY oare 2 —/2~-8F

A4 Oice

WeignT  Of kS?ﬁ?ucruEE L anp | EATER LOF

. [ P PR i v i P i T
hew | @c,,,,f,,abf,m,‘»,o”_;.__.; b We('yf{/r . 5 Nmr Mdto MM-} xmz-::f f,% }iorv:‘mt
oL ' e H N Lo l. IRPRU S-S DTS SN
Wi (;33,{»,2,@5531,;5—) CoBLse zz,,af!; | heea# |z q’ﬁ'. olosy 22l
Wa | (LA 20 (2263)(15) 3620 12, 5‘? e 1 ol asa.re ]
s | a2z oms) ) B | idz | 32,63 1; ] 4780
Wy gx.nxhwtzz.wxds) 4 .tea8 | 02,26 | 16A7.98 ] 12, o?,m 9294
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W | @oCneseeX.s) | zzs4) | =233 ) MAL | 1533 | sdzss
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Wiz | (. 92)¢.0) 16.50.18) 2,30 | Jd.4r | ARGl | 24,53 8033
Wig | (alro)issX48y .} B30 1 jg42 | L AT N - -1
Wi | (40 42)(18.09US) - 458 MAL. | G610 .2733 12828
Weo | (401 1.38X(8.19 X, 5. | 1482 /442 | 209.32 | 39671 _
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27 Sept 49 CORPS OF ENGINEERS, U.S, ARMY
SuBJECT Forr faireietd - MAWNE PP
COMPUTATION POMPNG  StatTion  STapiary
COMPUTED BY ENestorides CHECKED BY oare L =12 87
S ,\_12_,_&, .. S
M, itechon o
T v'b LodpCase 1 s F/oap Cand:fvons
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susseer forRT fairflEL D ~MAINE LA
COMPUTATION Fu MPH\)@: STA oM OTARILITN
cowruteo o N esTorials e CHECKED BY oare _Z=/2-87
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The following tables provide a detailed breakdown of the quantities and

costs of the selected plan.

ARCOSTCORK RIVER.

FORT FAIRFIELD, MAINE

SELECTED FLOOD PROTECTION DIKE PLAN

e e el P g s 4 b

ITEM

DIKE SECTION

PRESSURE CONDUIT

PUMPING STATION

STOP-LOGS & RETAINING WALLS
STORM DRIANAGE SYSTEM

SEWER RELOCATION

TOTAL CONSTRUCTION COST

QUANTITY

C-29

UNITS

UNIT PRICE
51,900,000
5180,000
460,000
$315,000
$165,000
8275,000

Costs are based on January 1987 prices.

TOTAL COST
$1,900C,000
5180.,000
5460,000
$315,000
$165.000
5275,000

83,295,000



DIKE SECTION

ITEM QUANTITY UNITS UNIT PRICE TOTAL COST
SITE PREFPARATION 1 JOB $25,000 $25,000
EXCAVATION 22320 cY 56 8134,000
STONE PROTECTION 113870 cYy 835 $415.000
GRAVEL BEDDING 40290 CcY 315 $60,000
ROAD GRAVEL 1550 cYy 12 819,000
DUMPED GRAVEL FILL 16890 cY 510 85169, 000
COMPACTED IMPERV. FILL 65510 cY 37 $459,000
COMPACTED GARVEL FILL 13680 cY s12 5164,000
UNDERDRIAN - &"BCCM 1400 LF E1) 58.000
UNDERDRIAN - 12"BCCH 1200 LF 812 514,000
FILTER MATERIAL - STONE 1740 cY 830 552,000
OBSERVATION RISERS 12 EA : 5300 $4.,000
TOPSOIL SEEDED 9500 SY 33 529,000
COMPACTED RANDOM FILL 4000 cY 54 516,000
SUBTOTAL $1,568,000
TOTAL COST INCLUDING 20 % CONTINGENCY 51,900,000

PRESSURE CONDUIT

ITEM QUANTITY UNITS UNIT PRICE TOTAL COST
EXCAVATION 2000 cy s6 $12.000
DRAGBOX 1 ITEM 54,500 $5,000
CONCRETE STRUCTURAL 45 cY 3300 §14,000
SLIDE GATE W/FLAP GATE 1 ITEM $20,000 520,000
STONE BEDDING 110 cYy 530 $3.000
SAND BEDDING ’ 400 cY $15 56,000
BACKFILL (EXCAVATED MATL) 1400 cyYy s4 $6,000
PAVEMENT SYSTEM 700 sy 813 59,000
48" RCP 350 LF 580 $28,000
MANHOLE {(6é' ID 16' DEEP) 1 EA 54,000 54,000
INLET & OQUTLET STRUCTURES 2 JOB 510.000 $20,000
MANHOLE INLETS 2 EA 3150 5300
STEPS 12 Ea 515 5180
48"DUTILE IORN PIPE 125 LF 5200 525,000
SUBTCTAL $152, 480
TOTAL CCST INCLUDING 20 % CONTINGENCY §180,000

Cc-30



PUMPING STATION

]

ITEW
PUMPS ENGIWES & GEAR UNITS
DISCHARGE PIPE
STATION SLUICE GATES
HEATING
FUELTANK & PIPING
LEVEL GAGES
VENTILATION
EMERGENCY GEN.
CONC. WELL STRUCTURAL
SLUICE GATE (48" GRAVITY P)
PUMPING STATION - R. CONC.
- 8" CUM WALL

~ 8" BRICK WALL FACE
ROADWAY GURD POSTS
CHAIN LINK FENCING
6'X10' DOCR
48" DUCTILE IORN PIPE
STONE BEDDING
SAND BEDDING
STEEL SHEET FILING
EXCAVATION

SUBTOTAL

QUANTITY

=9
R T i S SN S

[
[o4]
(]

1010
1260

140
150
150
180
350

TOTAL COST INCLUDING 20 % CONTINGENCY

STOP~LOGS & RETAINING WALLS

ITEM

EXCAVATION

T-WALL

STOP~LOG {UPSTREAM)

8"X10" WHITE OAK LOGS 18.5'
SAND BAGS

100'SINGLE RR TRACK
REMOVE & RESTOR
COMPACTED GRAVEL

GRAVITY WALL

STOP-LOG (DOWENSTREAM}
g"¥8" WHITE OAK LOGS 14'

W10X22 STL CENTER POST 11'
120' DOUBLE RR TRACK
REMOVE & RESTOR

REPLACE RR SWITCH

SUBTOTAL

QUANTITY

1260
135
108

12
135

1
340
320

65
22
1

1
1

TOTAL COST INCLUDING 20 % CONTINGENCY

c-31

UNITS

JOB
cY
cY
Y
EA
EA

JOB
JOB

UNIT PRICE
5123,300
352,300
$39,500
52,000
$3,100
5,400
$2,000
310,000
$300
520,000
8300

$5

56
83,000
$3,000
81,500
$200
530

815

820

$4

UNIT PRICE
g6

$300

3300

5250

$10

$10,000
512
$300
$300
8150
5500

$25,000
$20,000

TOTAL COST
$123,000
552,000
540,000
52,000
$3,000
$5,000
$2,000
510,000
514,000
20,000
554,000
85,000
58,000
$3,000
53,000
52,000
528,000
55,000
s$2,000
54,000
$§i.000

$£386,000

5460,000

TOTAL COST

510,000
54,000
596,000
$20,000
$3,000
51,000

$25,000
520,000

$264.000

$315,000



STORM DRAINAGE SYSTEM

ITEM

EXCAVATION

STONE BEDDING

SAND BEDDING

BACKFILL (EXCAVATED MATL}
30" ID RCP

24" ID RCP
18" ID RCP
12" ID RCP

MANHOLES 4'ID 8' DEEP
CATCH BASINS & FRAMS
MANHOLE INLETS

TIE IN EXIST 12" DRAIN
TOPSOIL SEEDED

SUBTOTAL

SEWER RELOCATION

RS ARIEINBEITRS

ITEM

EXCAVATION

SAND BEDDING

STONE BEDDING

BACKFILL (EXCAVATED MATL)
DRAGBOX (TRENCH CONST}

5' ID MANHCLE (13'DEEP)
13" RCP

TIE IN EXIST SEWERS
ABONDON EXIST 16" PLUG
BACKFILL MANHOLES
TOPSCIL SEEDED

PERMANENT SHEETING NEAR RR

SUBTOTAL

QUANTITY

TOTAL COST INCLUDING 20 % CONTINGENCY

QUANTITY
4000
400
150
3600
1

8
1400
17
21

9
2200
4500

TOTAL COST INCLUDING 20 % CONTINGENCY

C-32

UNITS

UNITS

UNIT PRICE
£6

530
$15

54

540
$24
518
$10
$1,500
$500
$150
$250
53

UNIT PRICE

—— o v

TOTAL COSsT

$1,000
37,000

$142,000

5165,000

TOTAL COST

$1,000
. 87,000
$113,000

$233,000
$275,000



ARCOSTOOK RIVER ——w

DUCTILE IRON
€ 216" DISCHARGE PIPE 48" GRAVITY PIPE
OUTLET STRUCTURE L« . TOP OF DIKE
JINVERT EL.341.5 B ; .
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Introduction

The purpose of this section is to measure the beneficial
contributions to national economic development that are associated with
the water resources improvement plans for the Fort Fairfield floodplain.
The extent to which the flood control needs of the area are met by the
plans will be determined by estimating the dollar value of inundation
reduction benefits produced by the plans. Explanatory rationale and
supporting documentation will be presented. The measure of each plan's
economic justification is the benefit-cost ratio, which is calculated by
dividing the dollar value of the total annual benefits to be realized over
the plan's economic life by the annual charges for the plan's total
cost. A benefit-cost ratio of 1.0 or greater is necessary for Federal
participation in water resources improvement projects. Simply, one
dollar's worth or more of flood reduction benefits is required for each
dollar to be expended on project construction, If more than one plan of
improvement has a benefit-cost ratio greater than 1.0 then the plan with
the greatest amount of net benefits (ie. total annual benefits minus
total annual costs) is chosen. The plan which maximizes net benefits
allocates limited resources in the most efficient manner and provides the
greatest return on public investment, The analysis contained in this
section was performed in accordance with Economic Environmental Principles
and Guidelines for Water and Related Land Resources Implementation
Studies, Water Resources Council, 1983, Dollar values stated in this
section reflect the December 1986 price level. Discounting and
amortization was performed at 8-7/8 percent, the current interest rate for
Federal water resources improvement project evaluation.

Socio-Economic Setting

The town of Fort Fairfield is located in Aroostook County, Maine.
This county contains more than 20 percent of Maine's land area but only 8
percent of its people. The rural nature of the county is indicated by its
population density per square mile of 13.6 compared to 35.3 statewide.
The population of Fort Fairfield is 4,376 (1980 U.S. Census). Both the
town and Arocstook County have experienced population declines over the
past 20 years, while the state of Maine population overall has been
growing since 1940.

TABLE 1
POPULATION TRENDS 1960 - 1980
2 Change 2 Change
1960 1970 1980 1960-1970 1970-1980
Fort Fairfield 5,876 4,859 4,376 -17.3 -9.9
Aroostook County 106,064 94,078 91,331 -il.3 -2.9
State of Maine 969,300 993,700 1,124,660 +2.5 +13.2



The population declines in Fort Fairfield and Aroostook County can be
traced to fewer agricultural jobs due to mechanization and & decline in
competitive market position in the potato industry. Other employment
sectors are also not providing job opportunities in sufficient numbers to
halt emigration of job-seekers from the county. The increases in
population for the state of Maine reflect the growth and development in
the southern counties, especially the sedcoast communities and those
nearby.

The economic well-being of Fort Fairfield inhabitants can be measured
by examining per capita income, median family income and percentage of
families at or below the poverty level.

TABLE 2
INDICATORS OF ECONOMIC WELL~BEING
Per Capita Median Family % of Families
Income Income below Poverty Level
Fort Fairfield $4,460 $14,022 10.2%
Aroostook County $4,826 $13,924 13.3%
State of Maine $5,768 . $16,167 9.8%

Fort Fairfield and Aroostook County obviously have income measures
below statewide figures because of their rural nature and lack of a strong
industrial base. However, Fort Fairfield families do fare slightly better
than average county families in terms of median income. Also, while the
town's poverty level percentage is nearly that of the state it is 3
percentage points lower than that of Aroostook County.

According to the 1980 U.S. Census, the Fort Fairfield labor force was
1,735 people of which 1,598 were employed. Of the employing industries,
services accounted for the largest share (23%) mostly in health and
education. Other major employing industries are: manufacturing (17.5%),
agriculture (13.5%), retail trade (13.7%), public administration (7.7%)
and construction (6.3%). The majority of employed persons are private
wage and salary workers (63%Z) with the remainder working for Federal,
state or local government (26%) or self-employed (11Z).

Study Area

The actual study area is comprised of approximately 25 acres along
both sides of Main Street in the commercial district of Fort Fairfield.
Main Street is located adjacent to the Arcostook River and its low-lying
one-half mile stretch between Peterson's Garage and the Canadian Pacific
Railroad Office has been the scene of many floods. Most of the flooding
cccurs during the springtime because of snowmelt and in many instances is
exacerbated by ice jams.



The character of the study area is mostly commercial, however, there
is a concentration of senior citizen housing units. There are 30
commercial structures in the grea which house 41 separate commercial
activities, 4 fraternal organizations and one government agency. Of these
30 structures, 5 have apartments on the second story and one has a total
of 25 apartments on its second and third stories. There is only one
traditional two-story, two-family house in the study area, but there are
two senior citizen housing complexes. The first, Northern House, is a 3~
story structure which contains 26 apartments. The second is the Fields
Lane Senior Citizen Complex and is operated by the Housing Authority of
Fort Fairfield. The complex is a campus type layout with 9 detached
structures accounting for a total of 40 units plus a community center,
Rounding out the structural inventory of the study area are two government
buildings, one the U.S. Post Office and the other the Fort Fairfield
Municipal Building which is occupied by town offices, the Police Depart~-
ment and Fire Department.

Valuation of Propertiesg in the Study Area

In November 1986 the Town of Fort Fairfield provided the total value,
based on Town Assessor's records, of the properties in the Main Street
study area. The value of land is $502,860 and buildings is $3,641,000 for
a total value of $4,143,860., Town officials indicate that this figure is
roughly 94 percent of current market value. ‘

Flood Damage Survéys

Flood damage surveys are performed at the start of every Corps of
Engineers flood control study in order to determine the need for improve-
ments by estimating the magnitude of potential flood~related losses.
These losses are estimated, at each flood-prone structure and site,
starting at the elevation at which flooding and damage begins up to the
elevation of floodwater associated with a very rare event such as the 500
year storm. Damages are estimated in one-foot increments between these
two limits. The categories of these losses are: commercial, industrial,
residential, agricultural and public. The two types of losses are
physical and non-physical. Physical losses relate to grounds, site,
structure, contents, utilities and clean-up. Non-physical losses are
those additional induced costs which result from loss of use of a flooded
structure. Residential non~physical losses are the costs of food, lodging
and necessities while unable to use one's residence. For commercial and
industrial firms non-physical losses are measures such as lost income and
profit while shut down plus the cost of temporary quarters and services.
In addition to the structure-related loss categories above, the flood
damage survey estimation process also covers two general loss categories:
(i} cost of emergency services and (ii) damages and costs to
transportation, communication and utility systems.

The first flood damage survey of the Fort Fairfield study area was
performed in October 1977 by a private consulting engineering firm as part



of the larger St. John River Basin study. In October 1982, damage
evaluators from the New England Division performed a major on-site update.
Updates have been performed recently in November 1985 and December 1986 to
document improvements which have taken place in the study area.

Recent and Planned Improvements in Study Area

In 1985 the State of Maine awarded a Community Development Block
Grant in the amount of $820,000 to fund the 2-year Fort Fairfield Downtown
Revitilization Project. Under this project certain commercial buildings
were renovated and expanded and some older buildings were razed. Private
investment in the study area was also made during 1986. The Irving 0il
Co. constructed a large gas station, grocery store and liquor store, In
1987, the State of Maine, Department of Transportation plans to completely
excavate and construct a new roadway and sidewalks for Main Street in the
study area. Other improvements for Main Street scheduled for 1987 aret
(1) the installation of 125 new street lights, (ii) installation of a new
8 inch sanitary sewer line (1600 linear feet) with manholes and service
extensions and (iii) reinforcement of the existing telephone system, both
underground and aerial, along Main Street by New England Telephone, The
total cost for these 4 scheduled improvements is $1,500,000.

Susceptibility to Flooding

One indicator of an area's susceptibility to damage from flooding is
the relationship of the first floor elevation of structures in the flood-
plain to the elevation of floodwaters from certain events. First floor
elevations were obtained for all floodplain structures by a field survey
crew and potential flood elevations were obtained from an "elevation vs.
frequency” curve produced by the Water Control Branch (Hydrologic
Engineering Section) of the New England Division. The summary table below
shows the relationship between flood elevation, frequency and number of
structures affected. The salient point of the table is that even a storm
of 10 year frequency will produce a flood level that will cover the first
floor of 25 of the 43 floodplain structures.

TABLE 1
STRUCTURES SUSCEPTIBLE TO FIRST-FLOOR FLOODING
FORT FAIRFIELD STUDY AREA

Event Annual ¥ Chance Flood Structures w/ First Floor Flooding

(year) of Occurrence Elevation Number Z of Total
(NGVD)

100 yr. 1% 367.3' 37 86%

50 yr. 2% 366.4" 33 7%

10 yr. 10% 363.9' 25 58%

&t



Recurring Losses

Recurring losses are those potential flood related losses which are
expected to occur at various stages of flooding under present day develop-
ment conditions., Table 2 below displays the dollar value of potential
flocod-related losses, by damage category, that are estimated to occur if
that specific flooding event were to occur today.

TABLE 2
RECURRING FLOOD LOSSES
FORT FAIRFIELD STUDY AREA

10 Year 50 Year 100 Year 500 Year

Event Event Event Event
Category (el, 363.97) (el. 366.4') (el. 367.3") (el. 369.2")
Properties $1,107,000 $3,592,000 $4,678,000 $6,795,000
Emergency Costs 14,800 24,600 33,800 53,200
Downtown Roads 20,000 239,400 273,100 273,100
Railroads 87,300 174,500 174,500 174,500
Total Losses $1,229,100  $4,030,500  §5,159,400  $7,295,800

Annual Losses

Recurring losses, discussed above, are informative inasmuch as they
relate the dollar value of flood losses to specific depths of flooding,
however they don't offer any information as to what the chances are of
those flooding depths occurring in any given year. For the purpose of
determining the severity of potential flooding the statistical concept of
expected value is employed. For flood control studies the term used to
measure the severity of potential flooding on an annual basis is "annual
losses." Annual losses are calculated by integrating two sets of data:
(i) recurring losses displayed in one~foot increments of flood depth from
start of damage to the 500 year storm elevation and (ii) the estimated
annual percent chance that flooding will reach each specific elevation for
which recurring losses were estimated. Recurring losses are obtained by
the flood damage survey process and the annual percent chance of
occurrence for each event is obtained form a stage-frequency curve. This
curve, estimated by the Hydrologic Engineering Section at NED, displays
flood stages on the X-axis and the annual percent chance of reaching that
stage on the Y-axis. Annual losses are computed for each event from the
one that first causes damage to the 500 year event. Losses for all events
are aggregated and this total estimate of expected annual losses
represents the degree of flooding severity in the study area. The
effectiveness of each alternative plan that is formulated for flood
reduction is measured by the extent to which it reduces annual losses.
Annual losses, by category, for the Fort Fairfield study area are
displayed in Table 3.



TABLE 3
ANNUAL LOSSES
"FORT FAIRFIELD STUDY AREA

Category Annual Losses
Properties ‘ $398,400
Emergency Costs 2,800
Downtown Roads 12,300
Railroads 47,000
Total $460,500

Economic Benefit Analysis

Benefits from plans for reducing flood hazards accrue primarily
through the reduction in actual or potential damages associated with land
use. Benefits fall into three categories reflecting different responses
to a flood hazard reduction plan. The inundation reduction benefit
accrues when land use is the same with or without the plan and is defined
as the increased net income generated by that use. The intensification
benefit also accrues when land use is unchanged and is defined as the
increase in net income based on a modification of the method of operation
by floodplain occupants because of the plan. The location benefit accrues
when an activity is added to the floodplain because of a plan and is
measured as the difference between aggregate net incomes in the
economically affected area with and without the plan.

Under the "with plan" condition for the Fort Fairfield study area,
land use is projected to remain essentially the same. Since the area is
the center of commercial activity and has a considerable number of
permanent elderly housing units, it is projected that these functions will
continue into the foreseeable future. This projection is nearly
irrefutable based on the public and private investments in the area's
infrastructure and commercial activities during 1985 to 1987. There
probably will be modifications to existing activities and development on
some of the few vacant lots, with the plan, but it is not expected to be
on a large enough scale to significantly affect future losses and
benefits. Therefore, benefits which accrue to the improvement plans will
be measured under the category of inundation reduction only.

Inundation Reduction Benefit

The increase in net income that accrues under this category is
measured by the decrease in the dollar value of outlays associated with
reduced flood losses. The national economic development (NED) objective
is satisfied if an improvement plan produces the beneficial impact of
reducing annual losses.



Improvement Plans Evaluated

Three improvement plans, each offering a different level of
protection, were evaluated. All three plans involve a 3000 foot long
earthen dike which would extend from just upstream of Peterson's Repair
Garage downstream to the Canadian Pacific Railroad Office. The plans to
be evaluated offer flood protection against the following 3 eventst (i)
500 year, (ii) 100 year and (iii) 50 year.

Benefit Estimation

Benefits for inundation reduction were calculated based on the flood
elevation corresponding to each event. The top elevation of each dike
plan is that flood elevation plus and additional 3 feet of freeboard to
account for wave run-up and wind effects. Corps of Engineers regulations
allow benefits to be taken up to the top of the dike plus 50 percent (1.5
feet) of the freeboard range. The benefits to each plan are the summation
of annual losses prevented by the dike taken to an elevation 1.5 feet
below the absclute top of dike including freeboard. The benefits for each
plan are enumerated in Table 4.

TABLE 4
ANNUAL BENEFITS - INUNDATION REDUCTION
FORT FAIRFIELD STUDY AREA

Annual Inundation Reduction Benefits
Level of Protection

500 Year 100 Year 50 Year
Category {el. 369.5') (el. 368') (el. 367')
Properties $387,400 $362,200 $327,000
Emergency Costs 2,800 2,600 2,300
Downtown Roads 11,900 10,700 8,900
Railroads 46,600 46,000 44,800
Total $448,700 $421,500 $383,700

Reduced Pumping Costs

A second type of flood related cost that will be reduced by the dike
plan is the increased pumping costs at the Fort Fairfield Sewage Treatment
Plant during times of flooding. There is a sewer pipe which runs along
the entire length of the site where the dike would be constructed. This
pipe would require relocation closer to Main Street, away from the river
bank if the dike were to be constructed. In order to determine if
economic benefits would accrue to this relocation, the manager of the Fort
Fairfield Utilities District was interviewed. The pipe does not currently
sugtain direct damage from flooding or erosion. It was installed in 1976,
is made of PVC, is buried 13 to 17 feet below ground and has an expected
life of 60 years. However, during periods of flooding at the pipe's



location, especially in springtime, inflow and infiltration of floodwaters
into the pipe occurs at manholes and around some pipe joints. Pumping at
the treatment plant increases dramatically from an average of 0.4 MGD to
1.5 MGD during times when floodwaters enter the system and continues at
the elevated rate for 2 weeks after flooding subsides. There are two
negative effects caused by this inflow. First, the pumping system is
overburdened and must pump flood water that doesn't need treatment.
Because of this, untreated sewage also gets pumped into the river. The
Utilities District is currently under a consent decree from the Maine
Department of Environmental Protection to control the inflow. Secondly,
the increased volume which needs to be pumped during times of flooding
increases the pumping costs. Under the with-plan condition, the section
of pipe where inflow and infiltration occurs will be relocated to the
inside of the dike, closer to Main Street and further away from the river-
bank. The manger of the Utilities District indicates that this relocation
of the pipe should solve the inflow/infiltration problem as the manholes
will be in the flood protection area. The pumping plant will not be over-
burdened, pumping costs will remain at normal levels, and untreated sewage
will not be pumped into the river, thereby keeping the Utility District in
compliance with its State and Federal licenses. The benefit to be
realized with the project is estimated to be $2,000 annually in reduced
pumping and associated repair costs.

Reduction in Flood Insurance Overhead Costs

A cost of floodplain occupancy is flood insurance overhead costs.
This administrative cost is national in nature and will be eliminated with
the 500 year and 100 year dike improvement plans. The 1986 overhead cost
per policy ig $67 and an estimated 36 policies are in effect in the study
area, With the improvement plan the annual benefit is $2,400.

Summary of Benefits

The annual benefits expected to accrue under each of the 3 flood
protection plans are exhibited in Table 5 below.



TABLE 5
SUMMARY OF ECONOMIC BENEFITS
FORT FAIRFIELD FLOOD REDUCTION PLANS

Annual Benefits

500 Year 100 Year 50 Year
Category Protection Protection Protection
Inundation Reduction:
Properties $387,400 $362,200 $327,700
Emergency Costs 2,800 2,600 2,300
Downtown Roads 11,900 10,700 8,900
Railroads 46,600 46,000 44,800
Reduced Pumping Costs 2,000 2,000 2,000
(Sewage Treatment Plant)
Reduction in Flood Insurance 2,400 2,400 -
Overhead Costs
TOTAL BENEFITS $453,100 $425,900 $385,700

Economic Justification

The ultimate purpese of the economic analysis is to compare the
benefits estimated for each plan to the annual costs of plan
implementation in order to determine the benefit-cost ratio which is the
measure of economic justification and indicator of Federal participation.

TABLE 6
ECONOMIC EVALUATION OF PLANS
500 Year 100 Year 50 Year
Protection Protection Protection
Total Annual Benefits $453,100 $425,900 $385,700
Total Annual Costs $435,000 $385,000 $361,000
Benefit-Cost Ratio 1.04 1.11 1.07
Net Benefits $18,100 $41,900 $24,700
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1.  PURPOSE

The purpose of this report is to ectimate the preliminary
real estate cost associated with the Fort Fairfield Flood
Centrol Project located in Fort Fairfield, Aroostook County,
Maine.

2. INSPECTION QF THE REAL ESIAIE
The properties affected by the proposed project were
inspected/viewed in the field in May, 1987, by Staff
Appraiser Robert P. Abbott, of New England Division, Corps of
Engineers.

3. LOCATION AND AREA DBATA

Fort Fairfield is lscated near the Canadian Border in
nartheastern Maine on the southern bank of the Aracstook
River. The Great Atlantic & Pacific Tea Co. ogeerates a $3.4
millien dollar potato and pea praocessing plant in Fart
Fairfield that employs approximately 200 people.

The area is serviced by U.S. Highway 1A and State Highuway
167 in addition to twe railraads, the Canadian Pacific and
the Bangoer & Aroostosk. At present, Fort Fairfield is a
progressive agricultural community.

4. HISTORY .

Floods aleng the Aroostook River have mccurred to varying
degrees over the vears resulting from intense rainfall,
snowmelt and ice jams or from cambinations of the three. The
main flogd seasan on the Arocostaoock River occurs in the spring
when heavy rain accompanied by snoumelt cambined to cause
considerable runcffi fall season floods which can accur from
rains accompanying coastal hurricanes and tropical storms are
generally lower in magnitude than spring floods. Ice jams in
the Arcostook River cause a major flood hazards most every
spring. Most notable past historic floods are the April 1973
and April 1983 events.

The recent April 3, 1986 ice-out flood stage caused road
inundation and flaoding of commercial property altang Main
Street with as much as 3 feet of water at one property.

Aiccarding to local officials and historical records, a
recurring April 1973 event in the project study area would
caucse an estimated $500,000 in average annual damages to
cammercial and residential property, the adjacent railrogad,
and to downtown streets in Fart Fairfield. The April 1973
event had an estimated discharge of 58,200 cfs at Fort
Fairfield.



5. PROJECT DESCRIPTION

The selected plan for local flood eprotection in Fort
Fairfield consistis of an earth dike approximately 2,900 feel
long with stoplog railroad gates at each end, a 6% cfs
capacity pumping station far low level interior drainage
behind the dike, and a 4-foot diameter pressure conduit for
high level drainage. The dike extends from just downstream
of Limestone Road bridge at top etevation 370.5 feet NGVD and
cantinues easterly along the riverbank, extending to high
ground at a point just upstream of the railrpad station in
downtown Fort Fairfield at top elevation 389.0 feet NGVD.
The dike should provide flood protection to commercial and
residential properties on the north side of Main Street.
(See Plate 7)

The top 8f dike will wvary approximately 15-20 feet abowve
existing ground with a tap width of 12 feet. The dike care
will be compacted impervious fill. The riverside and
landside slopes will be 1 vertical to 2.5 horizontal. The
riverside slope will have a dumped gravel toe barm. Stone
protection (1.5 feet thick) will be placed on the toe and a
1-foot gravel bedding laver underlain by the compacted
impervious fill above the toe berm. Stone sizes will be
approximately 1-foot in diameter except at the transition
sections where it will be approximately 2 feet in diameter.
The landslide slope will be protected by & inches seeded
topsoil and a gravel toe trench.

6. TAX LOSS

The anticipated tax loss for the Fort Fairfield Local
Protection Project, based upon the [986 tax ascessments of
the town is estimated to be approximately %1,%900.00 dollars,
which was furnished by local town officials.

7. ACQUISITION CQSTS

Acquisition costs will include costs mapping and surveys,
legal description, title evidence, appraisals, negotiatiocns,
and closing and administrative costs for possible .
condemnations. The acquisition costs are based upon this
affice’s experience in similar civil works projects in this
general area and are estimated at $3,000 per ownership.

19 OWNERSHIPS x $3,000.00 = $37,000.00



8. RELDCATION COSIS

Public Law ©1-444, Unifarm Relocations Assistance Act of
1970, erovided for equitable treatment of persons displaced
from their homes, businessec, or farms by a Federally
Assisted Program. In accordance with this law, a sum of $200
per ownership is estimated to cover possible reimburcable
expenses incidental to transtfer of real ecstate interests
which may be incurred by the ocwnerships in this acquisition
pragram.

Included among the items under Pl 91-64& are the followinag:
a. Maving Expenses
b. Relocation allowance (Business)
c. Replacement Housing (Tenants)
d. Relocation Advisory Services
e, Recarding Fees
f. Transfer Taxes
9. Mortgage Prepayment Costs
h. Real Estate Tax Refunds (Pro-Rata’
Preliminary surveys indicate that no relocation of existing
residential and commercial properties will be required for
the proposal project.
ESTIMATE OF THE RELOCATION COSTS
19 OWNERSHIPS X $200.00 EACH = $3,800.00

9. SEVERANCE DAMAGES

Severance damages usually occur when partial takings are
acquired which restrict the remaining portion fram full
economic development. The severance damages are measured and
estimated on the basis of a "Before'" and "After' appraisal
method and will reflect actual wvalue loss inhcurred to the
ownerships as a result of partial acquisition.

Preliminary investigation indicate that no ownership will
incur severance damage because of the taking. The
acquisition will be under Permanent Easements.

ESTIMATE OF SEVERANCE DAMAGES = -0-

3



10. PROTECTION AND ENHANCEMENT OF CULTURAL ENVIRONMENT

In accordance with instructions set forth in Teletype DA
(DAEN) R 111306A, dated Cciober 1971, Subject: "E011593, 13
May 1971, Proatection and Enhancement of Cultural Enviraonment:
and DA AR200-1 dated 15 July 1982; '"our preliminary field
investigations revealed that no local, State, Federaliy owned
nor Federally controlled property of historical significance
would fall within the provisions of E0O113%3 and ARZ00-1.

11, ZONING

The lands affected by the project are zoned cammercial.
12. HIGHEST AND BEST USE

The highest and best use of the affected lands is considered
ta be the precsent use.

13. HMINERAL DEEPQOSITS

A recent fTield inspection discloses no evidence of commercial
mining or gravel nor the deppsits of any minerals within the
project area.

t4. CROES

Several trees have been killed off either by flood damage or
disease. However, the quality and quantity of the healthy
growth are considered inadequate to require inclusion of any
special allowance for merchantable timber.

figriculture ~ There is no evidence of any commercial
agricultural efforts in the project area.

15. UTILITIES AND SERVICES

Electric power, telephone, Town water, and sanitary seuwers
are available to all properties within the project area.

16, UWATER RIGHTS

Suggested interim gquide lines far shore land zoning and
suybdivision control have been distributed to municipalities
in Maine, and Departiment of Envircnmental Protection, State
Planning Office, The guide lines are intended to assist
communities with municipal share land zoning.

A1l buildings and structures except those requiring direct

access to the water as an operational necessity shall bes se!
back at least 100 feet from the mean annual high water line.

R



Those standards may be waived by a municipality because of
existing structures, and those requiring direct access to the
water as an operational necessity. A recent inspection and
discussion with the Town Manager revealed no ounerships in
the praoject area require access tn the River for their
cperatiaonal needs.

17. BORROW AREA

Mo land has been included in this repart for borrow purpossas.
18. RELOCATIONS - Rgads and Public Utilities

No roads but public utilities (sewage? will require
relgcation. The main sanitary sewer which services this area
of Fort Fairfield will be relocated in propccsed Permanent
Easement Area of this project.

19, CONTINGENCIES
A contingency allowance of 25 percent is considered to be
reascnably adequate to provide for possible appreciation of
property values from the time of this estimate to acquisition
date, for possibie minaor property ltine adjustment or for
additional hidden guwnerships which may be developed by
refinement of taking lines, far adverse condemnation awards
and te allagw faor practical and realistic negatiatiaons.

20, GOVERNMENT-QUNED FACILITIES
Section III of the Act of Congress approved 8 July 1938
(PL&5-5C0) authorized the protectiaon, realteration,
reconstruction, relocation ar replacement of Government-guwned
facilities. A preliminary inspection aof the praperty ares
indicated no Government-owned facilities are affected.

21, RIGHTS TO BE ACQUIRED

Local interests are required to provide all lands, easements
and rights-of—-way necessary for project construction.
Appraisals for acquisition will be received by this affice.

22. EEE REQUIREMENTS

Preliminary investigations indicate that both improved and
unimproved properties will be affected by the proposed Fort
Fairfield Local Flaood Caontrol Project. Based on Praject
Engineering Plans, one fee acquisition will be regquired of
the project. Lot 29 consisting of .37+ acres aof tand (14,117
SF) opuwned by Pineland Development Corporation will be
acquired in fee.



Therefore, the fee acquisitions that are necessary far the
subject project are estimated as follows:

FEE ACQUISITIONS
LAND .37+ acres (16,117 SF x $ .60 PSF) = $ 9,670.20
Call $ 9,700.00

23. EASEMENT AREAS

A. Permanent Easemeni Areas
Permanent eacements for construction and maintenance purpnces
are necessary., The easement areas adjacent to the waterway
vary in width throughout the project area and contain
approximately 4,06+ acres. :

Preliminary investigatians indicate that after the
imposition of the permanent easement interests adjacent to
the waterway, their highest and best use of the remainder of
the properties will not be materially affected. However,
lands would remain in their private ouwnerships to maintain
confarmity with their existing lot requirements.

The foliowing costs for the permanent ecasement interests
are considered fair and reasaonable far imposition of the
4.06+ acre easement areas.

4,06+ acres a $29,000 per acre = $116,870.00

B. Tempgorary Easemeni Areas

Construction measures would require temporary easements faor
cantractor work areas along the entire length of the dike.
The required work areas will be about 35 feet wide and will
run contigquous to the inboard toe of the proposed dike length
agf 2,900 feet. Exceplions to their contiguity are at certain
points where their close proximity to existing structure.

In these cases, the siructures will not be affected. The
easements would affect about 16 private ownerships, and tow
municipally owned parcels.

It is estimated that about 2.33 acres will be required for
right-of-way and temporary construction easements. Right—-af-
ways to the propased dike and pumping station will be
situated on town-owned land which are included in the
proposed praoject. The cost for temporary constructiaon
easements is estimated to be about 10 percent (10%) af the
estimated market value of the land per year. This amount 1is
predicated on an amount equal to the ectimated fair return an
investor would be entitled to an invested capital and

!



orogvision for economic tax. Faor purposes of this report, it
is estimated that the temporary construction easements will
be required faor one vear.

2.33+ acres a %$29,000 per acre $67,570.00
Fair rate of return at 10% per year (for one-year)_____x_10%
$ &,757.00

24. EXISTING ELQUWAGE EASEMENTS

The Maine and New Brunswick Electrical Power Company Limited
constructied a dam about 1908, known as Tinker Dam, downsiream
from Fort Fairfield on the Argostook River in New Brunswick,
Canada.

Since the dam was constructed, there have been 70 or more
flood damage claims filled with the power company alleging
the damage was due 1o the fact that the dam caused the
flaoding. According to records of the power company, when
these claims were settled they attempted to secure flowage
easements over these properties. At least in some cases they
were able to secure a flowage easement which reads in part:

"The right in perpetuity to figw from time to time as
the needs of the Grantee, 1tc successors and assigns

may require to such heights as they may be flowed by the
maintenance of the Grantee’s existing dam at Tinker in
the said Province of New Brunswick at its present
elevation with flashboards at the Tevel of 498 as
established by a brass plug in the cutoff wall af the
head works of said dam, the Grantors' premises situated
in said Fort Fairfield bounded and described as..."

Pending a detailed 1itle examination of ezch ownership
invalved, it would be difficult 1o identify which ogwnerships
have flowage easements to the extent thereof.

25. EVALUATION AND CONCLUSION

A thorough search of the records was made in the Town of Fort
Fairfield, Maine to obtain comparable sales data. In
addition real estate brakers, lacal officials, and
knowledgeable persans were interviewed to obtain data and
value estimates. This evaluation is based upon the knowledge
af the general real estate market in the area which was
obtained from this study and analysis. &11 of the properti=zs
affected within the project area have been inspected from the
exterior. @& random sample of interiors were also inspecied
when gwners were interviewed.



The trend of property values in the Town of Fort Fairfield
appear to be static as evidenced by the few new constructian
starts and limited real estate transfers. For the most part,
buciness properties and commercial establishments that are
affected by the proposed project purchase area have remained
in the same family ouwnerships for many vears.

The assigned values used in this estimale are for the most
part considered nominal which reflect both small and large
tracts of land with differing characteristicss, Based on this
fact real ecstate market values are estimated at $29,000.00
per acre, with a square foot market value of $.60 PSF, due tago
its characteristics.

26. GROSS AEPRAISAL

The following is a summary of the real estate required; its
estimatad market wvalue:

EEE
IMPROVEMENTS
None -0-
LAND
0,37+ Acre Commercial Land
(16,117 SF @ $ .60 PSF) $ 9,670.20
Total 0.37% Acre Cost Land & Improvements (Fee) %,670.20

Call % ¢,700.00

PERMANENT EASEMENT

4.06+ Acres Commercial Land _
a $2%9,000 per acre $116,870.00

Total 4.06+ Acres Cost Land (Permanent Easement) 114,870.00C

TEMPORARY EASENENT

2+33+ acres a %$29,000 per acre % 67,570.00
Fair rate of return at 10% per vear (for bne-year) x_190%

Total 2.33% Acres Cost Land (Temporary Easement) $ 6,757.00

a



The following is a summary of the total estimated real estate
costs of the proposed projectt

Total Cost 13.18 Acres Land & Improvements

(Fee, Permanent & Temporary Easements) $133,327.00
Severance Damages -0~

Relocation Assistance $ 3,800.00

Acquisition Costs $ 57,000.00

Cantingency Allouwance (25%) % 33,163.00

TOTAL ESTIMATED REAL ESTATE COSTS $227,290.00

ROUNDED TO $227,000.00
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SALES
NUMBER

DATE
QF SALE

Dec. 1986

Aug. 1985

Aug. 1986

Apr. 1986

COMPARABLE SALES - FORT EAIRFIELD & ARQQOSIQOK COUNIY. M

LOCATION

Ft. Fairfield, ME

Caribou, ME

Ft. Fairfield, ME

Presque Isle, ME

W. Adams

M. Carter

Dupree

Realty Trust

L. Raberts

GRANTEE

K.

Rl

Thibeau

Oeschene

- Wilcox

. Walten

>

> o

LAN
ARE

1.434

INE

ZONING

Comm.

Comm.

Comm.

Comm.

PRICE

$29,800.00

$37,000.00

$29,000.00

$25,000.00



